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THE EFFECTS OF DIRECT STIMULATION OF THE 
BLIND-SPOT 


By Harry Hetson, Bryn Mawr College 


The blind-spot has engaged the attention of investigators in 
almost every field of science, furnishing a common ground for 
the physicist, biologist, physiologist and psychologist. To the 
first it still offers problems in connection with the course of light 
through the media of the eye. For the biologist, numerous ques- 
tions concerning finer structure and development remain to be 
answered. The physiologist has found it of importance in the 
functional problems it raises with respect to the part played by the 
optic papilla in the field of vision; to him, as we shall see, it has too 
often been a source of hopeless despair, so far as arriving at a satis- 
factory explanation of the phenomena observed is concerned. The 
psychologist has made much of it in his treatment of perception. It 
is impossible to separate these various aspects of the numerous 
problems comprehended under the term ‘blind-spot,’ for when it 
is found that this area is not always blind and does not function 
as a blind spot properly should, then it is necessary to consider 
the facts from the ground up. 

The blind-spot has been involved in nearly every controversy 
regarding the eye and its functions since its discovery 260 years 
ago. It has played a prominent part in the discussions concerning 
the seat of vision in the eye, the ability of the optic nerve fibers 


*Accepted for publication December 28, 1928. 
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to respond to light and electrical stimulation, facts and theories 
of binocular and monocular space perception, the locus of con- 
trast and other observed visual phenomena—in short, in every 
moot question concerning vision.! 

Since the relation between light and electricity, the electrical 
nature of the nerve impulse, and the effect of light on proto- 
plasm have been under investigation, the problem of vision in the 
blind-spot assumes importance once more if it is true that the 
optic nerve fibers respond to direct stimulation by light or elec- 
tricity. If we believe, as many biologists at the present time are 
inclined to believe, that all protoplasm responds more or less to 
light, and that the action of light on the optic nerve fibers is but 
a special case of the close relation existing between electrical or 
electromagnetic and light phenomena, then stimulation of the 
optic nerve fibers by light to see if excitation, conduction and 
sensation are possible seems to offer a promising field of investi- 
gation. If the optic nerve fibers can be shown to respond to direct 
stimulation by light, we shall be able to envisage the mechan- 
isms of vision as well as the broader problems of nerve conduction 
and specificity of neural energies in a new manner. Nor can our 
conclusions be devoid of practical implications ultimately be- 
cause of the réle played by the blind-spot in tests of scotoma, 
diagnosis of disease and a host of other ways. 

The present study is mainly qualitative, for reasons to be 
mentioned later, but we hope to follow it soon with quantitative 
measurements which should throw light on some of the problems 
our present treatment does not leave wholly satisfactory. The 
writer realizes the opportunity and necessity for quantitative 
work in a problem of this kind. But careful descriptive work 
seemed necessary in order to determine what happened under 
conditions of direct stimulation, and having done this, we decided 
to leave the other for a later paper. Nor can the psychologist 
be expected to handle his side of the problem adequately until 
he gets more help from the physicist on the behavior of light in 
non-homogeneous systems like the eye, from the anatomist on the 


1Textbook accounts of the phenomena in the blind-spot hardly do justice to 
what is found there nor do they indicate what a large literature has been devoted 
- the subject. Helmholtz and Tschermak (opp. citt. infra) have given excel- 
ent accounts. 
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finer structure of the optic nerve head, and from the physiologist on 
the effects of direct stimulation of nerve tissue.” 

We shall begin with an historical and critical survey of the 
work reported in the literature on the blind-spot, proceed to an 
account of our own experiments and what they seem to mean, 
and conclude with a discussion of the theoretical aspects of the 


subject. 
HISTORICAL AND CRITICAL SURVEY 


Immediately after Mariotte announced his discovery of the blind-spot 
in 1668* a controversy arose as to the following facts: (1) the actual size of the 
blind-spot; and (2) the seat of vision in the eye. Mariotte believed the organ 
of vision to be the choroid because the retina, or rather the nerve layer of the 
retina, covered the optic nerve whereas the choroid ceased there—hence since 
there is no vision in the optic disk it is because the choroid is lacking in that 
region. Not only did Pecquet deny that the whole area corresponding to the 
optic disk was blind but he asserted that the proper organ of vision was the 
retina. Supporting Pecquet were Volkmann and Coccius who limited the 
blind-spot to the region of the retinal artery and vein. Volkmann‘ was quite 
explicit in his belief for he says, ‘‘Dieser von Mariotte zuerst ausgefiihrte Ver- 
such gab eine Zeit lang zu dem Irrthume Anlass, dass der Sehnerve nicht als 
Leiter des Lichtreizes fungire.’’ Referring to Rudolphi’s hypothesis that only 
the artery is insensitive to direct stimulation by light, Volkmann continues 
“und diese Hypothese ist durch Versuche von mir bestitigt worden.” But 
he does not tell us what his experiments were which prove conclusively that 
the optic disk responds to direct stimulation; he merely states that his method 
of calculating the size of the blind-spot cannot be subject to error. 

Later work has shown that under ordinary conditions of mapping the 
blind-spot does coincide with the whole area of the optic nerve as it enters 
the eyeball and to this extent Mariotte was right. But he was wrong if the 
conditions are slightly changed for we now know that the size of the blind-spot 
depends upon the conditions under which it is determined. The factors 


*For the structure of the optic nerve head one may consult works on anatomy 
which are not very satisfactory. An extended monograph with excellent plates 
will be found by A. Elschnig, Der normale Sehnerveneintritt des menschlichen 
Auges: Klinische und anatomische Untersuchungen, Denkschrifien d. k. Akad. 
d. Wiss. zu Wien, math. naturwiss. Klasse, 70, 1901, 219-303. It should be 
remembered that the optic nerve fibers lose their medullation at the lamina 
cribrosa, coming through the optic nerve head as naked axones, resembling in 
this respect the neurones of the central nervous system. H. 8. Gradle, The 
blind spot, J. Amer. Med. Ass., 77, 1921, 1483, has found abnormal cases of 
medullation of fibers but never in the optic disk. 

30euvres de Mariotte, published by Jean Neaulme, 1790, II, 496-534. The 
controversy between Pecquet and Perrault on the one hand, against Mariotte 


on the other, is given here in a series of letters that passed between them. I 
have been unable to find the reference given by Helmholtz and others to 
Mariotte’s announcement in Phil. Trans., 1668. 

4A. W. Volkmann, article on Sehen, in Wagner’s Handwérterbuch der 
Physiologie, 1846, III, 265-351. 
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influencing the size of the blind-spot are the size and intensity of the stimuli 
used in mapping, their color, and the background used. 

Griffin as early as 1838, Polimanti in 1908, Haycraft in 1910, Werner in 
1913, Ebbecke in 1920, and Ferree, Rand and Wentworth in 1925° have shown 
that there is a gradual decrease in sensitivity as the optic papilla is approached, 
thus likening the region of the blind-spot to the periphery of the retina where 
there is a lessened sensitivity to colors rather than complete blindness. The 
last-named authors conclude that the blind-spot is largest for green, less for 
red, and smaller for blue, while achromatic stimuli give the smallest blind-spot 
when mapped under ordinary conditions. Finally, if we map the blind-spot 
in a dark room with a light of medium intensity, as Feinberg has shown (and 
we have been able to confirm him), then, except for a very small region which 
may correspond to the entrance of the retinal artery and vein, there is no 
blind-spot in the proper sense of the word. 

Since H. Miiller’s work in 1852 the seat of vision has been accepted as the 
rod-cone layer in the retina, history having decided against Mariotte. 

Results of direct stimulation of the optic disk. The decisive evidence against 
vision in the blind-spot apparently comes from the results obtained by 
stimulating the optic nerve fibers directly with light. This has been done a 
number of times by different people in different ways and according to the 
writers who refer to these experiments only one certain conclusion can be 
drawn from them: the blind-spot is absolutely blind. Thus Aubert believed that 
when a strong light falls upon the optic disk and it is seen, it is due to stimula- 
tion of neighboring retinal elements outside the blind-spot. Whatever evi- 
dence there is to the contrary is usually dismissed in summary fashion by prac- 
tically every writer on the subject since 1668. Fick and Du Bois-Reymond® 
threw an image of the sun directly into the eye, even focussing it upon the 
blind-spot by means of lenses, and described the haze or halo we shall have 
occasion to make much of in this paper. Admitting the difficulty of reporting 
what is seen under these conditions of blinding light, they nevertheless attribute 
what is seen in the blind-spot to stimulation of neighboring retinal elements, 
saying that the optic disk is insensitive to light. But usually secondary 
sources do not mention the fact that something was seen, that observation 
was difficult, and carried out rather cursorily, unsystematically, and with no 
intention of testing the hypotheses according to which the light is supposed to 
stimulate neighboring retinal elements. 

Even Helmholtz dismisses crucial facts with a wave of the hand, although 
he himself later criticizes the very foundations of the theories designed to 


5D. Griffin, Contribution to the physiology of vision, London Med. Gazette, 2, 
1838, 230, seems to have been the first to point out that the size of the blind- 
spot depends upon the strength of stimulus used in mapping. Others are: O. 

olimanti, Contribution 4 la physiologie de la Tache-Aveugle de Mariotte, 
J. de psychol. norm. et pathol., 5 1908, 289-302; J. H. Haycraft, The color-blind 
margin of the blind-spot and the scotometer, J. Physiol., 40, 1910, 492-497; H. 
Werner, Untersuchungen iiber den blinden Fleck, Arch. f. d. eX Physiol., 153, 
1913, 475-490; C. E. Ferree, G. Rand, and H. 8. Wentworth, The blind-spot 


for achromatic and chromatic stimuli, Amer J. Ophth., 8, 1925, 620-625. 

6A. Fick and R. du Bois-Reymond, Ueber die unempfindliche Stelle der 
Netzhaut im menschlichen Auge, Miiller’s Arch. f. Anat. u. Physiol., 1853, 396- 
407. 
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explain what is seen in the blind-spot under various conditions.’ To be specific, 
Helmholtz quotes Donders’ experiments where an image of a flame was re- 
flected into the blind-spot by means of an ophthalmoscope, ‘the image being 
only 1/20 of the total diameter of the blind-spot while on the retina itself near 
the optic disk scarcely any trace of light was visible that might be due to scatter- 
ing through the media of the eye or sidewise reflection from the optic nerves 
—yet some patients thought they saw a faint glimmer of light.””’ This im- 
portant fact is wholly explained by eye-movements, although, as we shall see 
later, when the adjacent retina is stimulated by light intended for the blind-spot 
as a result of eye-movements, the whole experience changes so much qualita- 
tively no one could mistake it for what is characteristically seen in the blind- 
spot. Helmholtz then tells us further, citing Donders, that if a large amount 
of light falls upon the optic disk it will be seen, but this he believed results from 
irradiation, although he later rejects the commonly accepted forms of the 
irradiation theory.* What a large amount of light would be we are not told, nor 
are we told how a light that stimulates the adjacent retina can be localized in 
the blind-spot without being referred to its proper place, a difficulty Helm- 
holtz himself points out with the irradiation theories. Not only do authorities 
fail to present us with a definite, concrete account of what they mean by 
irradiation, diffusion, dispersion, diffraction, and scattering and the way these 
are supposed to work, but they fail to recognize the huge amount of light 
necessary to be transported by these mechanisms in order to account adequately 
for what is seen. Nor do they mention the difficulties encountered when any 
or all of these hypothetical mechanisms are applied to crucial cases.? Perhaps 
this slurring over of the difficulties is due to the fact that these theories have 
not been subjected to experimental test under a sufficiently wide variation of 
conditions. In this study we have tried to devise tests that should be crucial 
for those theories which assume that vision in the blind-spot under direct 
stimulation of light is due to excitation of neighboring retinal areas. In our 
survey of the phenomena found in the blind-spot we shall have occasion to 
examine these theories, but it must suffice here to state that while such an 
authority as Exner!® has proposed a theory of retinal diffusion, Tschermak"™ 


7H. von Helmholtz, Treatise on Physiol. Optics, trans. from 3rd. German 
ed., 1924, II, 25 ff. 

8The best statement of irradiation in the physical sense so far as the eye is 
concerned has been given by E. Hering, Grundztige der Lehre vom Lichtsinn 
1920, 141 ff. He tells us that in each pencil of rays refracted in either a liquid 
or glass there is a great deal of scattering of light. For that reason the eye is not 
a homogeneous optical system; light coming through the cornea and iris is 
scattered on all sides, lighting up the whole retina more or less. At the bound- 
aries of each image there is a great addition of light if the intensity of the 
stimulus is great. In order to explain sharp vision, contrast mechanisms are 
invoked to offset the effects of scattering. 

®*Physicists have begun on the problem of scattering in the eye. See C. V. 
Raman, The scattering of light in the refractive media of the eye, Phil. Mag., 
38, 1919, 568; C. Sheard, Diffraction in the human eye and the phenomena of 
colored rings surrounding luminous sources, Amer. J. Ophth., 2, 1919, (ser. 3), 
185. So far, however, accurate quantitative data are lacking. 

10§, Exner, Studien auf dem Grenzgebiete des localisierten Sehens, Arch. f. 
d. ges. Physiol., 73, 1898, 117-171. 

NA, Tschermak, Ueber Merklichkeit und Unmerklichkeit des blinden 
Fleckes, Erg. d. Physiol., 24, 1925, 330-378. 
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and Briickner” definitely reject the possibility of physiological irradiation in 
the retina along with Helmholtz. 

Before leaving this topic we must refer to a number of facts in the literature 
which cannot be dismissed by vague reference to ready-made terms and 
theories. While some of these facts are by no means as clear-cut as we should 
like to have them, they take on new significance in the light of experimental 
work designed to test the traditional theories. Polimanti' cites Baumgarten 
as having extirpated the eye-ball, leaving a healthy optic nerve which, when 
stimulated with light, gave rise to a sensation of light. Here, of course, the 
cut ends of the nerve were stimulated, making conditions different from ours 
where axis cylinders are being stimulated along their trunks. Brewster" re- 
ported a case in which he believed the retina was not functional while vision 
was still preserved to some extent. But his account is not satisfactory as 
regards the type of injury to the retina and the amount of vision preserved. 
Most important of all evidence on this point to date is that given by Stern and 
Feinberg.“ Stern found that observers saw phi movement from stationary 
stimuli exposed in the blind-spot when neither stimulus alone could be seen. 
This finding shows that the amount of light that could reach adjoining parts of 
the retina is negligible and is in complete agreement with the well-known fact 
that the limen for movement in normal vision is lower than the limen for color. 
In this case, the theories assuming irradiation and the like, are hard put to it 
to explain how a subliminal stimulus within the blind-spot finds its way outside, 
gives rise to apparent movement which is then seen, not between the places 
stimulated on the sensitive retina, as in all other cases of seen movement, but is 
localized in the original place of stimulation within the blind-spot.1* 

Feinberg, whose results we have substantiated in every respect and shall 
have occasion to refer to later, found that the haze or halo which usually 
surrounds the core of light seen in the blind-spot when it is stimulated di- 
rectly is smaller than the projection of the blind-spot—a fact which our ob- 
servers have repeatedly reported. This author points out that we should 
have to assume in this case that a subliminal stimulus in the portions adjoining 
the blind-spot can evoke a supraliminal effect within the blind-spot. He also 


2A. Brickner, Ueber die Sichtbarkeit des blinden Fleckes, Arch. f. d. ges. 
Physiol., 136, 1913, 610-657; Zur Lokalisation einiger Vorginge in der Sehsinn- 
substanz, zbid., 142, 1911, 241-254. 

Cited by O. Polimanti, op. cit., who gives as reference only Nagel’s Hand- 
buch der Physiol., 1905, vol. 3. Since no page reference was given I have been 
unable to find it in the third volume of Nagel. The name of Baumgarten does 
not help either, hence I give this statement on the authority of Polimanti. 

“4D. Brewster, Account of a case of vision without retina, Report of the 
British Assoc. at Belfast, 1852, 3. He suggests that vision in this case was 
mediated by the choroid, going back to Mariotte’s view. 

*A. Stern, Die Wahrnehmung von Bewegungen in der Gegend des blinden 
Flecks, Psychol. Forsch., 7, 1926, 1-15; N. Feinberg, Experimentelle Unter- 
—_ iiber die Wahrnehmung im Gebiet des blinden Flecks, ibid., 7, 
1926, 16-43. 

168A. Basler, Uber das Sehen von Bewegungen, II. Die Wahrnehmung 
kleinster Bewegungen bei Ausschluss aller Vergleichsgegenstiinde, Arch. f. d. 
ges. Physiol., 124, 1908, 332 ff. This author denies that the movement seen in 
the blind-spot when both stimuli are falling in it is due to direct stimulation of 
the optic papilla. He believes that surrounding retinal elements are responsible. 
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points out that there is no sudden increase of brightness at the boundaries 
of the blind-spot nor does the bright core or halo take on the form of the blind- 
spot as it should if the theories of outside stimulation are correct. 

The evidence from electrical stimulation of the blind-spot would be more 
conclusive if we were sure that only the optic nerve were being stimulated 
when the current is passed through the head. Since the optic disk appears 
against the rest of the field in a complementary color it seems as if we are 
dealing only with a contrast effect, and indeed some writers have explained 
the facts in this way. Whether or not this explanation will ultimately hold 
we cannot say until more work has been done along this line. 

The difficult, and probably most crucial, question to be answered if we 
grant that the optic nerves respond to direct stimulation is that concerning 
eccentric projection, a difficulty which we meet with in the theories which deny 
that there is vision in the optic disk. If the optic nerves are responding to 
stimulation, why is not the whole retinal field illuminated or the places served 
by the stimulated nerves, as we should expect when the trunk of a nerve re- 
sponds to stimulation? Since the same objection applies to the theories which 
assert that elements outside the optic disk are being stimulated, an objection 
which Helmholtz believed to be fatal to them, we must leave it dahingestellt 
until far more is known concerning the facts of nerve conduction and mechan- 
isms of localization. 

Vision in the blind-spot. While most writers deny that we see with our 
optic disks some are ready to admit that we see certain phenomena where our 
optic disks are. In other words it seems to be fairly well established that under 
proper conditions the following types of phenomena may be observed in the 
region of the blind-spot: after-images, contrast effects, distortions within 
regular lines, the optic disks themselves, and certain effects due to electrical 
stimulation of the optic nerve. On the other hand, the failure to obtain evi- 
dence of the presence of the blind-spot in the visual field under certain con- 
ditions has led many writers, including some very great names, to deny that 
anything at all is seen either with or in the blind-spot.!7_ The result has been 
that every fact regarding either vision in the blind-spot or absence of vision in 
the blind-spot has been subjected to criticism and prolonged controversy, each 


17Positive statements to the effect that we never see in the blind-spot when 
placed against equally positive ones that we do see in the blind-spot would be 
amusing were it not for the state of affairs they disclose among supposedly 
careful scientific workers who, in presenting their conclusions, fail to consider 
the facts opposed to their theories and will not take the trouble to investigate 
them under the conditions which gave them birth. I give a few representative 
statements from leading writers on the blind spot: “Sie ist véllig blind’”— 
Frébes; “la papille optique aveugle au sens propre du_mot”—Charpentier; 
“the blind-spot is filled in by the mind”—Volkmann, Bunge, Fick, and Du 
Bois-Reymond; “‘Sie ist ein psychologisches Nichts’”— Werner; serait absolu- 
ment inutile de vouloir démontrer aujourd’hui que la papille du nerf optique 
est insensible 4 la lumiére. Ce fut déja démontré des l’epoque de Mariotte’’— 
Polimanti. On the other side we have such positive statements as this from 
Tschermak, who, however, does not believe the optic disk itself is functional, 
“Under special conditions it is possible to get an indubitable, noticeable sensor 
impression from the blind-spot.’’ The positive reports of vision in the blind- 
spot have received little attention in theory where what is seen is explained away 
on the assumption that the optic disk “‘au sens propre du mot” is blind. 
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side apparently making no effort to obtain the facts which the other side 
claims to have at its disposal. This state of affairs has led Werner to say that 
the blind-spot problem is a problem that gives a false direction to thinking, 
involving yeas and nays with no giving in on either side by either party. 
Nevertheless the following phenomena seem to the writer to be established 
facts, both on the basis of his own experiments and the large literature written 
before and after such authorities as Mach and Helmholtz pronounced the 
blind-spot to be ein psychologisches Nichts. Indeed, in the present writer’s 
opinion it is not too much to say that every one of the major classes of visual 
phenomena has been duplicated in the blind-spot. We now proceed to an 
account of them. 

Visibility of the optic disks in the field of vision. That it is possible to per- 
ceive one or both optic disks as clear differentiations within the visual field 
is certain from the observations of many. Purkinje reported in 1823 that with 
energetic eye-movements in the dark he saw fiery circles.1* Both Aubert and 
Helmholtz substantiated this fact,!® although, as we shall see later, the latter 
attached no importance to it when he accepted the vacuum theory of the part 
played by the blind-spot in the visual field. Charpentier who also reported 
this phenomenon and was able to observe the disks as green after stimulating 
the rest of the retina with red proposed a theory of irradiation to account for it. 
His conclusions are most important for they stand in direct opposition to the 
vacuum theory enunciated in almost the same year by Helmholtz: ‘“Tous ces 
faits s’accordent & montrer que la papille optique bien qu’ insensible 4 la 
lumiére et aveugle au sens propre du mot, est réellement représentée dans 
Vespace par des sensations visuelles positives occupant la méme place que 
si elle était remplacée dans |’oeil par un vrai morceau de rétine en continuité 
avec le rest de cette membrane.” It must be remembered, however, that this 
statement holds only under special and very favorable conditions, notably, 
after dark adaptation, sudden excitation, quick alternation of light and dark- 
ness, energetic eye-movements, or proper room and screen illumination if the 
eyes are fixed. 

Perhaps the simplest and easiest way to observe both optic disks at once 
has been described by K@llner:* fixate with both eyes upon a gray screen with 
no previous dark adaptation but in a room of moderate or low illumination; 
both disks may appear as dark rings and then disappear. At this point close 
one eye suddenly and both blind-spots will be visible, one as a dark disk with 
a bright halo, the other as a bright disk with a dark halo. The open eye will 
have the dark disk, the other will be responsible for the bright disk. The writer 
can vouch for this method after numerous successes with it. Briickner” re- 


18J, E. Purkinje, Beobachtungen und Versuche zur Physiologie der Sinne, 
1823, I, 50-56, 79-81; 1824, II, 36, = 
19H. Aubert, Ph ysiologie d er Netzhaut, 1865; Grundziige der physiologische 
Optik, Helmholtz, op. cit. 
harpentier, Visibilité de la tache aveugle, C. r., Acad. Sci., 126, 1898, 


Gllner, Der blinde Fleck im binokularen Sehfelde, Arch. f. Augenhk. 
71, 306-313. 

2A. Briickner, Ueber die Sichtbarkeit des blinden Fleckes, Arch. f. d. ges. 
Physiol., 136, 1913, 615-620. 
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ports that if the eyeball is pressed firmly and released suddenly after dark 
adaptation a bright disk will be seen surrounded by a bright halo for a fraction 
of a second. He explains it by asserting that the pressure on the optic nerve- 
head is transmitted to contiguous retinal zones, although a number of other 
facts have led him to formulate a theory involving central contrast which we 
shall discuss below. 

We come next to the theory of these phenomena in so far as they concern 
the simultaneous appearance of the disks in binocular vision. Briickner stresses 
the fact that we can see both blind-spots in looking at the blue sky. In looking 
with both eyes the optic disks will be seen as brighter than if only one eye is 
used. To explain this he assumes that corresponding points on the retina fuse, 
and since points corresponding to the blind-spot of the other eye are stimulated 
with light each optic disk will appear brighter as a result of fusion. But Kéllner 
objects to this theory of binocular mixture for according to the law of mixture 
one should see in binocular fields only what is common to both: since in this 
case there is nothing common to both blind-spots they should be invisible in 
binocular vision. Since we do see both blind-spots at once, Kéllner prefers 
to accept Briickner’s marginal contrast theory for this case, although he admits 
it suffers from grave defects. The notable fact here is that none of these writers 
is willing to consider the hypothesis that the optic nerve fibers are themselves 
responsible for what is seen, preferring to resort to hypotheses involving many 
more assumptions and less capable of experimental verification. 

The perception of after-images in the blind-spot. In spite of the fact that it 
is sometimes difficult to decide whether what is seen in the blind-spot is due to 
contrast or is a real after-image, the weight of evidence seems to point to the 
latter as being true. Careful tests to be reported below show that contrast will 
not explain the after-images reported, except as all after-images are contrast 
effects. Charpentier was the first to report what we may call a true after-image 
in the blind-spot. Both Tschermak and Briickner have verified the fact, the 
latter even being able to describe changes in the after-image which we strongly 
believe are wholly analogous to the first three phases of the normal after-image. 
To obtain after-images in the blind-spot, dark adaptation, momentary stimu- 
lation, and closed eyes are necessary and important. Under these conditions 
the after-image may be a bright or dark (extremely black in our observations) 
disk; or, it may be blue, yellow, green, red or any proper combination of these 
colors depending on the dominant wave-length and purity of the stimulus. In- 
deed, so intense and lively may the after-image appear that many times our 
observers believed they were observing a stimulus actually present. Whether 
or not after-images in the blind-spot are contrast effects in the sense of ‘colored 
shadows’ in which the adjacent retinal areas only play a positive part, we shall 
have to discuss later. 

Contrast effects in the blind-spot. We have already noted that Charpentier 
reported the blind-spot as a green disk after stimulating the retina with red. 
It is difficult to say whether this is a case of negative after-image or of contrast. 
But if a light is moved in front of the closed eyelids (trans-palpebral illumina- 
tion) in a dark room, the blind-spot will be seen as a greenish blue in contrast 
to the rest of the field which is yellowish. The appearance of the blin d-spo 
as a disk in a color complementary to the color of a homogeneously fixated 
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surface is clearly a case of contrast. If one looks at a dark background the disk 
should appear white or light gray according to the law of contrast, but Briick- 
ner found that it looked a deeper black than the background until the general 
illumination of the room was decreased. Then the blind-spot appeared in 
20-30 sec. first as a deep, dark disk with bright halo which gradually lightened 
until it disappeared in the background. Briickner then fixated a field half 
black, half white so that the blind-spot fell upon the boundary of the two fields, 
and came out with the following generalization verified by Tschermak: “If the 
blind-spot falls on a half black, half white field, it will take on the brightness 
of the field that falls on the temporal side of the blind-spot, the middle being 
dark if the completed field is white, white if the completed field is dark.’’ This 
law holds for colored fields like red-green and yellow-blue even though observa- 
tion with colored fields is much more difficult.2* Due to local adaptation, eye- 
movements, and the faint appearance of the disk, as we ourselves have found 
it, it is very difficult ‘to catch’ the phenomena Briickner describes although 
there can be no doubt of the facts he states. 

Contrast effects have been obtained in two more ways very different from 
those mentioned: (1) In pathological color scotoma, reported by Wundt,* and 
(2) from electrical stimulation of the optic nerve. Although there seems to be 
no reason to doubt the validity of Wundt’s observations on his own scotoma, 
nevertheless Landolt® denies that there is any filling in either of the blind-spot 
or of acquired scotomata. So far as electrical and electro-magnetic stimulation 
of the optic nerve are concerned no general rule can be laid down regarding 
the effect of direct and reversed currents and of make and break. Tschermak”* 
in summarizing the work of 31 authors who have worked with this form of 
stimulation generalizes as follows: “stimulation of the eye with constant cur- 
rent (which is now regarded as descending the optic nerve) results in a darkened 
visual field somewhat colored, except for the blind-spot which appears bright 
and in essentially complementary hue; if the current is continued sufficiently 
long and is sufficiently intense, when it is broken the bright optic disk gives 
place to a dark disk while the rest of the field becomes considerably lighter. 
The last effect may be regarded as the negative after-image of the first. Making 
a current which is regarded as ascending the optic nerve brightens the general 
field and darkens the blind-spot while breaking the current gives rise to the 
opposite effect.’’ We thus find typical contrast effects at make and break and 
in reversal of current. 

Magnusson and Stevens?’ found light sensations in the region of the blind- 
spot with changes in strength of a magnetic field around the head, but they 
point out it is impossible to say whether the sensory elements of the retina or 
the optic nerve fibers alone are responsible for what is seen. 


*Briickner, ibid., 628. 

*W. Wundt, Grundziige der physiologischen Psychologie, 1910, II, 539. 

*M. Landolt, Beobachtungen iiber die Wahrnehmbarkeit des blinden 
Fleckes, Archiv. f. Augenhk., 55, 1906, 108-118. 

>A. Tschermak, Ueber Merklichkeit und Unmerklichkeit des blinden 
Fleckes, Erg. d. Physiol., 24, 1925, 330-378. 

27C, E. Magnusson and N. C. Stevens, Visual sensations caused by changes 
in the strength of a magnetic field, Amer. J. Physiol., 29, 1911, 124-136. 
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The final upshot of the literature on the contrast effects in the blind-spot 
seems to be that except in cases where it is definitely known that the optic 
fibers are not being directly stimulated more than surrounding retinal elements, 
e.g. when viewing a uniformly illuminated surface on which the optic disk is 
seen, we cannot agree with those who maintain that all the phenomena ob- 
served in the blind-spot are contrast effects arising from the positive action of 
adjacent retinal elements while the optic disk plays only a negative réle in the 
sense of a colored shadow. While it is true that we cannot be sure what places 
are being stimulated when vigorous eye-movements are made and when the 
electric current is applied to the eye, the contrast explanations advanced es- 
pecially by Briickner and Tschermak offer no solution to the facts of direct 
stimulation of the optic disk when we know that adjacent regions of the retina 
cannot be reponsible for what goes on in the blind-spot. For those cases where 
the optic disk is not being directly excited contrast theories may apply; in other 
cases they do not do justice to the positive part played by the optic disk in 
vision, albeit under restricted conditions. 

Filling in, distortion, and spatial values of the blind-spot. Perhaps the great- 
est disagreements in a subject filled with conflicting opinions exist with regard 
to the filling in, distortion, and general spatial character of the field in the 
region of the blind-spot. Positive assertions that the blind-spot is filled in and 
that spatial values in its vicinity are not distorted are met by equally positive 
ones that corresponding to the blind-spot is a gap in the field of vision and that 
straight lines suffer distortion in the areas contiguous to the blind-spot. Nor 
can we be sure of any writer’s final opinion after we have put together all he 
has said on the subject, especially when he is not consistent. In this welter 
of opinion Aubert’s modest statement that he is not sure of what happens in 
the region of the blind-spot after hundreds of observations makes us feel that 
he has bowed to the facts and is reserving judgment, while Werner’s dogmatic 
statement that there is never any break in continuity in the place occupied by 
the blind-spot and that “unsere selbstverstindliche Voraussetzung ist, dass 
wir mit dem blinden Fleck absolut nichts sehen’”’ impresses us with its neglect 
of well-attested facts in the literature in an obvious attempt to defend his own 
theory. Our experience has been that observers report different things under 
the same conditions, change their reports with practise, and are subject to in- 
fluences outside the experimenter’s control and hence it is most dangerous to 
generalize from one’s own experience or from one set of conditions to all. 
It is nowhere more true than here that what one gets is a function of his con- 
ditions and nowhere have writers overlooked this simple rule of induction 
more than in the work on the blind-spot. 

The weight of opinion is against any shortening or deformation of lines 
or surfaces when the blind-spot falls upon either a straight line or a homo- 
geneously colored surface. Among those holding this view are E. H. Weber, 
Volkmann, Fick and Du Bois-Reymond, Aubert, Helmholtz and his student 
Woinow, Landolt and Briickner.** But Volkmann (who is not consistent), 


 _28E. H. Weber, Ber. d. k. Sachs. Ges. d. Wiss., 4, 1852, 185; Volkmann 
ibid., 5, 1853, 27; Fick and Du Bois-Reymond, Aubert, Helmholtz, Landolt 
and Briickner, opp. citt.; M. Woinow, Ueber das Sehen mit dem blind en Flec 
und seiner Umgebung, Arch. f. Ophth., 15, 1869 (2 Abt.), 155-166. 
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Wittich, Werner, Hofmann and Lohmann assert that parallel lines, letters or 
dots forming the outline of a square or rectangle passing in or near the blind-spot 
are deformed convexly toward it.** In all this literature of downright affirma- 
tion and denial no serious attempt to reconcile these differences by truly ex- 
perimental methods has been made until we come to a paper by Ferree and 
Rand* who attempt to account for the divers results of various investigators. 
They found when black stimuli were placed on opposite sides of the blind-spot 
they were always seen as contiguous or as one. Opposite sides of the blind-spot 
function, they believe, as spatially contiguous areas. But this holds only 
for the region immediately surrounding the blind-spot for farther away the 
shrinkage in the blind-spot region is compensated by magnification of spatial 
values where no shrinkage is perceived if the stimuli fall there. For Ferree and 
Rand distortion of form follows as a corollary from shrinkage so they would 
expect distortions in form whenever the stimuli fall upon the region very near 
the blind-spot and no distortion outside this region. By means of their theory 
they were able to explain satisfactorily the contradictory effects reported by 
Volkmann. The compensation theory of Ferree and Rand seemed to bring 
order out of chaos until Nussbaum," in repeating their work, ascribed many 
of their crucial results to eye-movements and even found contrary facts. In 
our work reported below we have found that it is possible sometimes to see 
lines as deformed near the blind-spot; bars touching the blind-spot may be 
contiguous or separated, depending upon how near they come to its edges. 

Four conclusions can be drawn from the maze of conflicting data regarding 
this aspect of our problem: (1) authority counts for nothing since authorities 
do not agree and often are not even consistent in their various statements; 
(2) all findings must be regarded as bona fide, springing from conditions which, 
if known, would explain all the facts; (3) rigid experimentation is the only hope 
of solution in a problem too often attacked in a casual manner; (4) experi- 
mentalists and theorists alike have been in danger of over-hasty generalization 
since different phenomena can be obtained under such slightly different condi- 
tions of observation. Thus we have found unmistakable deformations under 
certain conditions to be described below, while under others none, e.g. when 
the writer looks at the Volkmann figure in ordinary illumination he finds no 
deformation. To generalize on either side without a fuller knowledge of the 
conditions would not help matters much. 

Likewise with the question of the filling in of the blind-spot. Ordinarily 
the blind-spot is filled in, at least in binocular vision. Regarding monocular 
vision there is some question, mainly because different writers understand 
different things by the term “filling in” and have observed under different 


294. W. Volkmann, Sehen, in Wagner’s Handwérterbuch der Physiologie, 
1846, III, 265-351; H. Werner, Untersuchungen iiber den blinden Fleck, 
Arch. f. d. ges. Physiol., 153, 1913, 475-490; F. B. Hofmann, Die Lehre vom 
Raumsinn des Auges, 1920, 1 Teil, 190-198; W. Lohmann, Der blinde Fleck in 


‘seiner Beziehungen zu dem Raumwerten der Netzhaut, Arch. f. Augenhk., 


81, 1916, 181-196. 
*C. E. Ferree and G. Rand, The spatial values of the visual field im- 

mediately surrounding the blind-spot, Amer. J. Physiol., 29, 1912, 398-417. 
%F. Nussbaum, Ueber die Raumwerte in der Umgebung des blinden Flecks, 

Arch. f. Augenhk., 87, 1921, 142-151. 
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conditions, the factor of practice being most important. With practice, if an 
observer regards a uniformly colored surface or a neutral gray surface, he can 
see the optic disk as a purple round spot breaking up the field—a fact of which 
there can be no doubt and which stands in direct opposition to the dictum of 
Werner that under such conditions one sees “nothing,” or no break in the uni- 
form field. If the room is made dark and the stimuli bordering the blind-spot 
are bright bars of light or rows of dots beside the edges of the blind-spot, 
some observers report continuity of the bars through the blind-spot and de- 
formation of the dots, others do not, and with practice observers change their 
reports. Again, we must not generalize too hastily. 

Theories regarding the phenomena and functions of the blind-spot. The im- 
portance of the theories of the blind-spot lies in their explanation of the facts 
observed. Often one man holds several theories or may report facts which are 
inconsistent with his theory. It is also not uncommon for a writer to neglect 
or explain away in summary fashion important facts which do not fit into his 
scheme. It is not too much to say that the most general theories of vision 
in the blind-spot, namely those which assume that what is seen there is due 
to contrast, irradiation, and the like, have received no thoroughgoing experi- 
mental test to the present time, excepting the work of Feinberg. In the re- 
mainder of this survey of the literature of the blind-spot we review the main 
theories of its functions. 

(1) Vacuum or nothing theories. The supporters of this type of theory 
include Aubert, Mach, Helmholtz and his student Woinow, and others. The 
clearest statement of this theory has been given by Helmholtz* as follows: 
“Nothing bright or dark or colored is to be seen in the gap in the field. What 
we see there is literally nothing—a nothing that is not even a hole and not even 
manifested by being the edge of the visible. For if the gap in the visual field 
were itself visible, it would have to show some quality of visibility, but it does 
not (sic). It is only negatively that we can discover its existence, and by 
observing the last objects that can still be seen. Then when we discover that 
these latter do not touch each other in space, we begin to suspect that there 
is a gap and to form some notion about its size and position in space. But as 
this involves localizing the visual impression and as that is something which, 
according to our point of view, can be acquired only by experience, the dis- 
covery of this gap, must be, as a matter of fact, the result of a judgment. It is 
not a direct sensation.’’ This quotation also illustrates the maid-of-all-work— 
judgment—which Helmholtz employed whenever he dealt with the more 
complicated facts of perception. But the most surprising thing about this 
theory is that Helmholtz adhered to it with full knowledge of the facts ob- 
served in the blind-spot at the time this was written! A slightly different ver- 
sion of the same theory is held by Werner* who, however, denies that it is 
just like seeing in the back of our heads or the middle of our backs, as Helm- 
holtz and Mach believed, because we cannot compare the blind-spot which is 
in a visual field with places that have no vision whatsoever. Here it is a ques- 


Helmholtz, op. cit., III, 208, ane on page 206 he confesses that 


“lately I have begun to see the blind spot. 
33H. Werner, Untersuchungen iiber den blinden Fleck, Arch. f. d. ges. 


Physiol., 153, 1913, 475-490. 


an 
¢ 
it 
} 
it 
if 
i 
of 
| 
i 
i 
¥ 
= 
| 
| 


358 HELSON 


tion of why the visual field shows no deformation under certain conditions when 
we should expect it to. Werner assumes that since nothing is seen in the blind- 
spot—sie ist ein psychologisches Nichts—all points that fall upon it fall upon a 
single point and hence shrink to that point making, e.g. parallel lines falling 
there appear like two Vs base to base. But the very fact from which Werner 
starts to base his theory we must deny, since, where he insists eine Fldache gleich- 
mdssig weiss will be seen (fixate a white sheet of paper and the projection of the 
blind-spot is supposed to be filled in) the writer sees very plainly a purple disk 
in ordinary room illumination, making a break in the continuity of the white 
field. Indeed, with practice, anyone may verify this for himself. 

Closely related to the nothing theories are those theories which ascribe 
a negative or privative character to the blind-spot. Among those who hold to 
this type of theory are Weber, Ferree and Rand, and Lohmann.* As stated 
by Weber, who seems to believe that we never experience the blind-spot either 
as a dark or light colored disk within uniform grounds, we perceive no deforma- 
tion in the visual field because in order to have any sense of intermediate 
spaces we must be sensitive to places between those actually stimulated. 
Since, Weber goes on to say, nothing is seen between the edges of the blind- 
spot we have no sensation of anything between, and hence nothing is lacking 
and no hole appears in the field of vision. But later on Weber, who by no 
means holds to his theory without modifying it as he goes along, tells us that 
we do not see the blind-spot because it is surrounded by sensitive parts of the 
retina and “so viel ist gewiss, dass wir den Zusammenhang der Dinge, die in 
die nicht sichtbare Region des Sehfelds hineinreichen, so sehen, wie sie am 
einfachsten und am wahrscheinlichsten ist.’’ He thus finally resorts to a 
probability theory, closely allied to the psychic theories discussed later. He 
even goes so far as to deny that we perceive the blind-spot as dark when the 
rest of the field is light in following out the implications of his first theory. Here 
theory must bow to fact for the evidence since Weber’s time is overwhelmingly 
in its favor. 

All forms of the vacuum theory break down because of the wide range of 
positive phenomena observed in the blind-spot under various conditions. While 
the vacuum theories may hold for casual observation and under conditions 
which do not permit the optic disks to appear as differentiations within the 
visual field, the careful work of those who have found vision in the blind spot 
cannot be ignored. 

(2) Psychic theories. These theories in their various forms aim to explain 
how the gap which should be seen in the monocular field of vision owing to 
the presence of the blind-spot is bridged. Among the writers who have ex- 
pressed themselves in favor of these theories are Aubert, Helmholtz, Fick and 
Du Bois-Reymond, Bunge, Volkmann, H. Miller, E. H. Weber, and Wundt. 
The filling in may be due to imagination, judgment, association, or the mind 
acting in accordance with the laws of probability. 

In conformance with the probability form of the psychic theories Weber 
and Volkmann assert that if two qualitatively unlike things: border on the 


4. H. Weber, Ber. d. k. Sachs. Ges. d. Wiss., 4, 1852, 185; Ferree and Rand, 
= Physiol., 29, 1912, 398-417; Lohmann, Arch. f. Augenhk., 81, 1916, 
181-196. 
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blind-spot we see them connected through the blind-spot in the simplest and 
most probable manner. Volkmann also believes that imagination can help 
quite a bit in difficult cases,* e.g. when looking at a page of print we see 
the letters filled in where the blind-spot falls. Here it is das geistige Auge which 
sees them. Aubert** implies that the burden of proof lies on those who expect 
not to see fields filled out for he says that we see a field as continuous donec 
probetur contrarium. A slightly different and more acceptable theory was 
offered by Fick and Du Bois-Reymond*® which means something very different 
from the other probability theories: having noted that one of several phenomena 
may be seen in the blind-spot under given conditions they come to the con- 
clusion that what happens is a matter of chance, but neither will nor imagina- 
tion is responsible. 

Extreme forms of the imaginative and associative theories have been held 
by Heine, Volkmann, and Bunge. For Volkmann sensation and imagination 
play together to give us our perceptions; imagination is responsible for the 
unexplainable phenomena seen in the blind-spot. Bunge would even take the 
whole problem out of the domain of science: “‘Diese Ausfiillung der Liicke mit 
der Farbe der Umgebung ist offenbar ein psychische Process und lisst sich 
physikalisch nicht erklaren.’’** 

The filling in of the blind-spot assumes practical and clinical importance 
in the testing of visual scotoma. Heine*® maintains that patients with sco- 
toma may complete dot figures just as is done in the blind-spot. Hess*® found 
no filling in of the blind spot with his dot figures and Landolt supports him 
against Heine whose observers do fill in the dots! On the other hand, we have 
Wundt’s word for the fact that in the case of his own scotoma filling did take 
place. Wundt also asserts that the blind-spot has the same spatial values as 
the rest of the visual field because it is filled in with the dominant light im- 
pressions (vorherrschenden Lichteindruck). Wundt’s theory is diametrically 
opposed to the theory advanced by Ferree and Rand to explain the same set 
of facts and there seems to be no hope of reconciling the opposed views of 
Hess and Heine. 

A final form of psychophysical associative or probability theory has kom 
effectively disproved by Feinberg and in the present paper, we believe. It 
assumes that when the blind-spot is directly stimulated with light the reason 
for seeing the central bright core with halo is because the greatest amount of 
light will fall on the contiguous retinal elements as a result of scattering. 
The blind-spot is then filled in as a natural continuation of this light gradient 
established on the boundaries of the blind-spot. But when a ring of light 
is exposed so as to fall partly within and partly outside the blind-spot, thus 


%Volkmann, Ber. d. k. Sdchs. Ges. d. Wiss., 5, 1853, 27. 
3H. Aubert, Physiologie der Netzhaut, 1865, 257 ff. 
*7Fick and Du Bois-Reymond, op. cit., Miiller’s Arch. f. Anat. u. Physiol., 


1853, 
unge, Lehrbuch der Physiologie des Menschen, 1905, I att 7 
Heine, Kritik der Hesschen betreffend den Nachweis 
zentraler Skotome, Arch. f. Augenhk., 52, 1905, 2 
4°C. Hess, Neue Beobachtungen an total Jrarbenblinden, Heidelberger 
Berichte, 31, 1903, 290. 
41—. Landolt, op. cit., cf. note 25. 
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establishing the gradient, the central bright core is absent even if some filling 
does take place. The expected completion does not occur. 

(3) Physiological theories. Although it is impossible to draw any sharp 
line between physiological and physical theories, we shall do so for the purpose 
of simplifying the discussion. 

(a) Fatigue theory of J. Miiller. According to this theory the blind-spot 
merely appears blind because it fatigues so readily. The decrease in size of the 
blind-spot after it is first seen, the quick disappearance of the visible disks on 
homogeneous backgrounds and the rapid adaptation to weak stimuli noted 
below attest the correctness of this theory in so far as it recognizes the basic 
facts of lowered sensitivity and quick adaptation in the blind-spot. While 
it may be incorrect to say that fatigue is responsible for lack of vision in the 
blind-spot under all conditions, in so far as fatigue and adaptation and lowered 
sensitivity are related this theory summarizes important truths. 

(b) Theory of irradiation. The concept of irradiation has been used in 
various senses by various writers. It is difficult to determine always whether 
true physiologic irradiation is meant or some form of scattering of light in the 
media of the eye which is a physical theory. Helmholtz has pointed out the 
difference between what we shall call physical irradiation and physiologic 
irradiation when he distinguishes the following two types: (1) the first type 
may be described as arising from the fact that highly illuminated areas may 
appear larger in the visual field than they are in the physical field, while the 
adjoining dark areas appear correspondingly smaller than they are physically. 
This effect can be best observed when the eye is not exactly accommodated 
for an object although it is always present even in the best accommodated eye 
due to the imperfections of the refracting media of the eye. Three effects of 
irradiation may be observed: (a) adjacent bright areas tend to flow over into 
each other; (b) bright areas appear magnified; and (c) straight lines may be 
deformed. Irradiation is greatest when the blur circles on the retina are 
greatest, hence to prevent irradiation factors responsible for the formation of blur 
circles must be eliminated. But it must not be taken for granted that awareness 
of blur circles accompanies irradiation phenomena. To account for the fact 
that we see lighted areas in sharp outline when the image on the retina is not 
clear-cut as a result of irradiation the hypotheses of simultaneous contrast in 
their psychological and physiological forms have been proposed. But irradia- 
tion has also been used to explain sharp images and hence has been rejected 
as a plausible explanation. The contrast theories assume that contrast pro- 
duces a brighter edge to the image and darker edge to neighboring regions 
thus making sharp boundaries (Hering, Frébes, and Tschermak). 

But a really physiologic theory of irradiation such as has been advanced 
by Plateau, Brewster, J. Miiller, Exner, and others, and denied by E. H. 
Weber, Helmholtz, Aubert, Mach, Hering, and Tschermak regards the ir- 
radiation effect as due primarily not to the scattering of light in the media 
of the eye but to transmission or diffusion of excitation from one place (retinal 
element if a peripheral theory, ganglion cell if a central theory) to adjoining 
regions which themselves are not directly stimulable by light. Following these 


“Helmholtz, op. cit., I, 186-203. 
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assumptions, Plateau‘ explained the filling in of the blind-spot by assuming 
that when a retinal fiber is stimulated it induces a state of excitement in 
neighboring fibers so that the latter arouse sensations of light without being 
acted upon by light themselves—a form of synaesthesis. Helmholtz rejected 
this theory for, if it were true, he says, it would be impossible to localize or 
receive single sensations, fusion would take place between the sensations 
aroused by the primary stimulation and the secondarily aroused sensations. 
So Helmholtz accepts the irradiation hypothesis only in so far as it means the 
formation of blur circles on the retina. We shall have to ask if the blur circles 
formed in the eye can account for what is seen in the blind-spot. 

E. H. Weber“ was one of the first to point out the contradictions arising 
from any kind of physiologic irradiation theory. He says that we cannot 
speak of irradiation when no light is present and the blind-spot is filled in, 
e.g. when a black field appears homogeneous through the region of the blind- 
spot; moreover, there can be no irradiation of excitation through a region devoid 
of receptors like the optic disk. Tschermak also rejects the irradiation theories 
because of their inner contradictions. He shows that in some instances irradi- 
ation accounts for facts covered by scattering or aberration of light in the eye 
thus accounting for the imperfections of our optical mechanism, while in others 
it is invoked as a compensatory process for these very defects. Both Helm- 
holtz and Tschermak find the physiologic theories of irradiation unnecessary 
and useless since well-established principles of physics and physiological optics 
will account for the stimulation of retinal elements around the optic disk. But 
they do not tell us what these principles are! Certainly the blur circles of 
Helmholtz will not extend sufficiently far beyond the central, maximum place 
of stimulation to account for what is seen in the blind-spot when it is stimu- 
lated directly by light. Nor will blur circles furnish sufficient intensity to 
adjoining retinal elements to account for the bright central core when the 
optic disk is directly stimulated. It would be necessary for the blur circles or 
diffraction bands from a 2 mm. stimulus at 4 meters distance from the ob- 
server to be effective over a distance several hundred times the width of the 
first maximum band corresponding to the region of the disk where the light 
from the stimulus is actually falling! Whereas we know that with a stimulus 
of medium intensity at this distance probably not even the second band be- 
yond the central one would be capable of arousing a sensation of light, so 
rapidly does the intensity of the bands fall off after the first. Indeed, when 
we have created conditions most favorable to the scattering and irradiation 
theories, phenomena characteristic of the blind-spot fail to occur and the pre- 
dictions we should make on the basis of the information they give us fail to be 
verified in experience. On the other hand, after ruling out irradiation and 
scattering, we still find vision in the blind-spot. 

(4) Contrast theories. Contrast theories owe their origin to the belief 
that the positive phenomena seen in the blind-spot arise from contrast. They 
imply that we never see in the blind-spot unless neighboring regions of the 
retina or their projections in the visual areas in the brain are stimulated. Char- 


“Cited by Helmholtz, ibid. 
“Weber, op. cit., Ber. d. k. Sachs. Ges. d. Wiss., 4, 1852, 185. 
We take this point up again in the last section. 
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pentier, Briickner, and Tschermak have formulated contrast theories having 
points in common yet fundamentally very different.“ The chief point of dif- 
ference between these writers lies in the fact that Briickner places the con- 
trast mechanism in the brain and assumes physiological irradiation in the 
retina as a bolstering hypothesis, while Tschermak leaves the question open 
as to the exact mechanism at the basis of his theory and tries to dispense with 
irradiation. Tschermak requires, as a bolstering prop to his theory, psychic 
completion activities to account for the filling in of the blind-spot. Brickner, 
following Charpentier, believes that the central projection areas of the blind- 
spot are represented by ganglion cells to which we must look for an adequate 
mechanism responsible for the contrast effects in the blind-spot and which 
the neurone and fibrillar theories cannot explain. In assuming that the optic 
disk must be represented in the brain by ganglion cells even though it is devoid 
of end-organs Briickner recognizes the positive part played by the optic disk 
in vision—a most important admission from our point of view. Of special 
interest to the psychologist in this theory is the assumption that all contrast 
according to Briickner must be central. But both Briickner and Tschermak 
need special assumptions to explain why the blind-spot is invisible after having 
explained why it becomes visible through the action of their contrast mechan- 
isms released under special conditions. The first assumes that local adapta- 
tion and physiological irradiation work against visibility of the blind-spot, 
while the second leans too heavily upon the assumption of a retinal or retro- 
retinal Higengrau whose existence is being disputed more and more in the 
light of recent experimental evidence. Once again we find irradiation-diffusion 
theories used to explain opposite facts; now irradiation is postulated to explain 
the visibility of the blind-spot (Charpentier) and again it is used to explain 
the invisibility of the blind-spot (Brickner). Such a theory can serve no 
useful purpose. 

(8) Physical theories. Both the physiological and the physical theories 
proposed to explain the visibility of phenomena in the blind-spot assume that 
what is seen there depends somehow upon the action of regions surrounding the 
blind-spot, and hence not upon direct stimulation of the optic disk itself. 
The difference between the two types of theory has already been pointed out: 
the physiologic theories assume that neighboring regions around the blind-spot 
respond as a result of irradiation from one retinal element to another. The 
reasons for their untenability have also been given. We are left, then, with 
purely physical theories unless we are content to invoke the aid of unknown 
mysterious psychic factors like Hinbildungskraft, innere Wahrscheinlichkeit, 
and das geistige Auge. Briefly summarized, the physical theories assume that 
when light falls upon the optic disk or is directed toward it some light is scat- 
tered through the media of the eye or along the optic nerve fibers by refraction 
or through the formation of diffraction bands (blur circles) and reaches the 
sensitive retinal elements near the optic papilla. This effect may include the 
numerous phenomena comprehended under the terms halation, dispersion, 
diffusion, diffraction, chromatic aberration or irradiation in the larger sense of 
the word. All of these factors conspire to make the eye a far from perfect 


“Charpentier, C. r., Acad. Sci., 126, 1898, 1634-1637; Briickner, Arch. f. d. 
. ad. Physiol., 24, 1925, 330-378. 
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optical mechanism even in perfect accommodation where point-like images 
are not delivered to the retina from point-like stimuli. Helmholtz apparently 
includes all of the effects of scattering and the like under his phrase “the 
formation of blur circles on the retina.” We have next to ask if blur circles 
can account for vision in the blind-spot and have already partly answered the 
question when we pointed out that the blur circles would have to extend several 
hundred times the diameter of the first diffraction band to be effective and that 
probably no band with medium intensity of light is visible beyond the second. 
Several principles apply in the formation of blur circles: (1) they are propor- 
tional in size to the intensity of light; (2) they are relatively greater for small 
objects than for large, being in fact practically negligible for large objects; and 
(3) the diffraction effect is greater for the long wave-lengths than for the short, 
though in dealing with such small magnitudes in comparison with the total area 
of the blind spot we may treat them as equal. In our theoretical discussion 
we shall consider the question whether diffraction bands or blur circles are 
sufficient to account for what is seen when we consider the quantitative aspects 
in more detail. 


CONCLUSIONS FROM THE HIsToRICAL SURVEY 


That something is seen in the blind-spot cannot be open to 
question any longer in the light of many observations by numerous 
investigators. But even this fact has been denied by some writers. 
This state of affairs springs from three sources of error: (1) a 
very slight change in conditions, many of which are not under- 
stood, changes the observed phenomena so much that different 
investigators believe they have found absolutely different results; 
(2) hasty generalization from observations under limited condi- 
tions to the absolute capacity of the optic disk under all condi- 
tions; and (3) neglect of important and oftentimes crucial data 
which do not fit with one’s own observations or theory. 


Since practically all investigators and writers have united 
against Pecquet, Volkmann and the very few who have fol- 
lowed them in their belief that only the region of the central 
artery and vein is insensitive to light stimulation, we may say 
that while opinion is divided on the question of vision in the 
blind-spot, it is practically unanimous against the view that we 
see with the blind-spot, or in other words, that the optic disk some- 
how responds to light without the aid of adjoining regions. The 
crucial questions and the tests necessary to answer them now seem 
to the writer to concern direct stimulation of the optic disk. We 
must determine anew what is seen in the blind-spot and devise 
crucial tests of the hypotheses which deny any functional value 
to the optic disk itself. 
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EXPERIMENTS 


General comments on the conduct of the experiments. Since the 
facts to be described have been matters of heated controversy 
and are crucial for any theory of the blind-spot the following rules 
or precautions have governed our procedure in conducting the 
experiments. . 

(1) Except when explicitly stated, all of the Os worked with- 
out knowledge of what type of stimulus was being used. O was 
left free to report whatever he observed. Questions for the pur- 
pose of eliciting greater detail in description were sometimes 
asked but always with a warning at the time to the O that he was 
to report only what he saw. 

(2) Observations were always verified by repeated exposures 
of stimuli either on the same day or at some succeeding time. 
The Os were cautioned to report only what they were absolutely 
sure of and in cases of uncertainty further exposures or variations 
in conditions were made to settle the uncertainty in question. 

(3) All of the facts reported here were observed by at least 
2 Os in entire independence of each other, and, in the majority 
of cases, were found by all 4 of the regular Os. It is hardly neces- 
sary to state that the usual rule of silence regarding the experi- 
ments was maintained so that the Os were not influenced by each 
other’s reports. Since 3 of the 4 regular Os were senior members 
of the staff and the fourth a graduate student of considerable 
attainments and seriousness, we can vouch for the integrity and 
independence of their statements. 

(4) The objectivity of the phenomena, even though difficult 
to observe, is attested by the similarity of reports under similar 
conditions. It is not uncommon for Os to employ identical de- 
scriptive terms in their protocols, e.g. all 4 Os report a single light 
exposed in the blind-spot as like the “searchlight of an engine 
shining through a fog, having a bright central core and a large 
halo or haze around it spreading out in all directions.” 

(5) Special precautions against eye-movements were taken 
as follows: (a) lights were exposed on the boundaries of the blind- 
spot simultaneously with the stimulus within the blind-spot. 
If the eye moved one or more of the boundary lights entered the 
blind-spot and underwent qualitative changes which appraised 
the observer of an eye-movement. (b) Stimuli in the blind-spot 
look so different from stimuli on the edges that the Os soon learned 
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to recognize the characteristic appearance of stimuli within and 
to become cautious with respect to phenomena resembling peri- 
pheral or foveal vision. Thus one of the Os who was prone to 
report “flashes of clear-cut lines and forms” at the beginning of 
the experiments soon learned to recognize these as due to eye- 
movements and reported them as such. (c) Practised Os attain 
remarkable success in reporting eye-movements. Even though 
not all eye-movements can be reported our other criteria furnish 
adequate check. (d) Besides depending upon the usual devices 
for maintaining rigidity during observations many of the phe- 
nomena reported were observed under momentary exposures 
and all of them were checked in repeated exposures. 


(6) While quantitative measures of all the phenomena de- 
scribed in this paper would have been desirable and are un- 
doubtedly necessary eventually in order to properly evaluate 
our results, we were unable to obtain satisfactory measurements 
in the time we had for the following reasons: measurements for 
one O did not hold for another and hence did not and would not 
aid in duplicating results; the phenomena observed change so 
rapidly it would be next toimpossible to correlate a given measure- 
ment of stimulus with a given phenomenon; in working with 
fairly large stimuli it is impossible to obtain a satisfactory measure 
of the energy in every part of the stimulus constellation so as to 
arrive at some notion of the effect of the total. Our light sources 
were by no means uniform nor did they illuminate uniformly 
the patterns cut in the screen on which the blind-spot was pro- 
jected. Yet the absence of quantitative data in this study does 
not necessarily imply that our results are lacking in certainty, 
definiteness, and objectivity. For while absolute measures of 
stimulus are not given we have such good agreement among Os 
regarding the effects of changes in intensity, length of exposure, 
effects of stimuli upon each other and other general factors in- 
fluencing the phenomena that we have achieved endssimilar to those 
for which quantitative measures are desirable. Thus while we 
cannot state what the liminal stimulus for a given O is, we have 
found that the faintest light seen, whether we begin with a supra- 
liminal stimulus and decrease the intensity or a subliminal stimu- 
lus and increase the intensity, and regardless of the color of filter 
used and its appearance in the rest of the field of vision, will be 
blue. This qualitative fact, established by a wide variety of con- 
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ditions and with all Os makes the same claim for consideration 
that an unique quantitative finding would. 


Methods of determining the boundaries and stimulating the blind-spot. The O 
sat facing a black cardboard screen 1 m. sq. in which a small cross had been cut 
to serve as the fixation point. Most of the experiments were conducted with 
the Os at a distance of 131 cm. although for some experiments the distance was 
changed to 4 m. Only the right eye was used in observation, the left being 
closed. A head-rest and biting-board made by taking a wax impression of the 
teeth on a metal base, all held solidly by rods and clamps to an upright bar on a 
heavy metal stand, served to keep the O rigid during observations. The O 
rested between observations, and experimental periods were not prolonged be- 
yond the limits of ordinary fatigue in visual work.‘7 

The boundaries of the blind-spot were determined in the usual fashion in a 
room lighted by a 150 w. incandescent lamp by bringing a white stimulus or 
test object (1 cm. sq. in size) into the field of vision until it disappeared while 
the O was fixated on the red cross at the left of the screen. The points of dis- 
appearance were marked along eight meridians at 45°. Only the places of 
disappearance, and not the averages of appearance and disappearance as is 
usually done in mapping the blind-spot, were taken as defining the blind-spot 
as we wished to be sure we were working well within the limits of the macula 
caeca. All stimuli exposed within the boundaries of the blind-spot were well 
away from the edges: when the observer sat 4 m. from the screen and we used 
a 2 mm. sq. light as the stimulus object, the diameter of the stimulus in this 
case was 1/200 the smallest diameter of the blind-spot which at this distance 
averaged 40.63 cm. for all Os. Usually the stimulus was an incandescent lamp 
of 150-300 w. behind a ground glass in front of which the black cardboard was 
placed. With small stimuli or patterns cut out of the cardboard fairly sharp 
figures could be obtained even with the ground glass. Experiments in which 
the source of light was directly behind the opening in the cardboard screen 
gave results similar to those with the ground glass interposing. It will be seen 
that in the main our experiments were conducted with the usual order of con- 
ditions reversed: instead of working with the retina illuminated, we worked 
in general in a dark or semi-dark room and illuminated the blind-spot, the rest of 
the field of vision receiving no stimulation so far as general room illumination 
or the presence of other stimuli was concerned, except when we wished to test 
the effect of the latter upon vision in the blind-spot. 

Special checks against scattering and diffusion were made in ways which 
will be described later. 

To control the intensity of our stimuli we used rheostats in series with the 
incandescent lamps. For weak and small stimuli small flashlight lamps and 
automobile headlight lamps supplied by batteries were used. Special means 
of dimming our stimuli consisted in covering them with white bond paper or 
filters. 


47J. N. Evans, Angioscotometry, Amer. J. Ophth., 9, 1926, 489-506, has 
succeeded in mapping the larger vessels of the retina. He has found two hours’ 
mapping not excessive so far as fatigue of “fixation” goes, but stresses the 
——) of ‘mental fatigue.”” We seldom worked for more than an hour 
with an O. 
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We varied the color of our stimuli by the use of ordinary gelatine filters 
pasted over the patterns cut in the cardboard screen. The light transmitted 
by our filters varied with the changes in intensity of our source lights, as would 
be expected. At medium and low intensities the green showed traces of blue 
while at high intensities of light it became yellowish. The blue filter was con- 
sistently blue except at high intensities when it lost so much in chroma as to be 
rather whitish. The red filter gave a bluish-red color at medium and low in- 
tensities but by using two thicknesses we could get a very good red from it. 
The amber filter was the least satisfactory, giving a reddish-brown color at low 
intensities and a reddish-yellow at high. The source lights without the use of 
filters, like ordinary incandescent lamps, were fairly yellow at medium intensi- 
ties, brownish-yellow with low intensities in direct vision, and bright yellow, 
almost white, at high intensities. This account does not pretend to give the 
spectral transmissions of the filters or their specifications according to any other 
mode of physical analysis—we merely wish to convey how the lights looked with 
various filters at various intensities—for our purposes it is sufficient if we com- 
pare foveal and peripheral vision with vision in the blind-spot. 


Resuuts: I. Size 


The sizes of the blind-spots of our Os were found to be as fol- 
lows: B (Mr. 8S. H. Bartley, graduate student and instructor in 
psychology) 5° 40’; G (Dr. J. P. Guilford, assistant professor of 
psychology) 6° 41’; M (Dr. Beulah M. Morrison, assistant pro- 


fessor of psychology) 5° 30’; and W (Dr. R. H. Wheeler, pro- 
fessor of psychology) 6° 4’. The horizontal diameters of the 
blind-spots of these Os at 131 cm. averaged 15 cm. and were 
slightly less than the vertical diameters because the shape of the 
blind-spot is decidedly more elliptical than circular. These values 
for the blind-spot compare well with those found by other experi- 
menters though we must note that they are slightly smaller than 
if we had taken the average of in and out determinations as the 
boundaries of the blind-spot. 


When we decided to make special test of the blur circle and diffraction 
hypothesis we worked within the projection of the blind-spot at 4 m. distance 
thereby getting nearly three-fold enlargement which enabled us to work with 
an extraordinarily large ratio of stimulus to blind-spot. A stimulus at 4 m. 
distance that measures 3 mm. on a side will be approximately 1/135 the diam- 
eter of the average blind-spot (40.63) leaving as great a margin of safety for 
blur circles, irradiation, and scattering as could possibly be desired. In terms 
of area this stimulus had 1/210 the area of the blind-spot (40.63 X 46.71 cm.). 
Such a stimulus placed at the center of the blind-spot was easily seen by all 
observers and in a few observations we made our stimulus as small as 2 mm. 
on a side with nearly as good results! 

Two methods of mapping the blind-spot deserve mention at this point 
because of the unexpected results they gave. The fact has already been men- 
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tioned that the blind-spot shows different contours for stimuli of different 
colors and brightness. If, now, we map the blind-spot with the room in dark- 
ness, using as our stimulus object or ‘prober’ a small automobile light carrying 
from 4-6 v. and encased in a black box so that only a very small beam is 
emitted, we find that there is no blind-spot. The light will be seen throughout 
the region previously unresponsive to our white prober when the room was 
normally illuminated as in our previous method of mapping. For 2 Os there 
were two tiny spots within the so-called blind-spot where the light disappeared. 
Another way in which to obtain the same effect is to cut a slit the length or 
width of the blind-spot in the screen lighted from behind and to pass another 
screen having a smaller slit of any desired size over the first, thus exposing 
a stimulus throughout the length of the blind-spot in any meridian. As the 
light passes the edge of the blind-spot obtained in ordinary mapping it loses 
its form, and shows a bright central core surrounded by a halo or haze of light 
which may or may not reach as far as the boundary of the blind-spot. Whether 
what is seen is due to stimulation of adjoining regions it is the purpose of this 
paper to answer. 

We then reversed conditions. The room was kept in darkness as before 
but the whole visual field was lighted by removing our black cardboard from 
in front of the ground glass. This was done in accordance with a suggestion 
made by Professor Fernberger. A 300 w. incandescent lamp served as source 
and lighted the whole field very strongly. Using now a black stimulus as 
prober, the Os reported where it disappeared. The black object disappeared 
just as the white prober did before and we obtained approximately the same 
outline and area for the blind-spot as before. In this case the light which had 
every chance to diffuse into the blind-spot did not fill it in any sense whatso- 
ever, because, while the Os did not always see the blind-spot as a gap in the 
field, the presence of the prober made no difference in what was seen—the op- 
posite being true when we interfere in any way with a light that directly il- 
lumines the blind-spot when the rest of the field is dark. Sometimes, under 
these conditions the Os did not see a homogeneous field, as Helmholtz and 
Werner insist is the case, but reported a gap in the field corresponding to the 
projection of the blind-spot. In these cases, light on all sides of the blind-spot 
failed to irradiate and complete the gap in the field as required by the traditional 
theories. 

From the results of our mapping we may say that the size 
of the blind-spot depends upon the intensity of the stimulus used 
and the intensity of the surrounding field. When the brightness 
difference is in favor of the blind-spot it may be made as small 
as we please, even to the point where the stimulus does not dis- 
appear at all, or with some Os vanishes in a region so small as 
hardly to coincide with the true anatomical disk. 

Having drilled our Os in holding their fixation, reporting eye-movements, 
winks, or any other disturbing factors, we instructed them to keep their eyes 


closed between observations and to open and fixate the right eye upon the 
red fixation spot when we were ready to expose a stimulus. When O had 
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fixated and felt steady, H gave a ‘ready-now’ signal and turned on the light 
which illuminated the patterns we had cut in or outside the projection of the 
blind-spot. The instructions to the Os were simply to report whatever was 
seen. Sometimes additional instructions called for reports on special aspects 
of the phenomena, such as form, color, after-images, or the like. In no case 
was a question asked concerning a detail until it had first been reported by an 
O, in which case the E asked for more information in order to keep full records 
and make sure of crucial points. 

All of the experiments were carried on at the University of Kansas and ex- 
tended over a period of two years. While only four people acted as regular 
observers besides the writer, several others took part in the experiments, 
some of them from the physiology and biology departments, others students 
in psychology. At this place I wish to express my thanks and acknowledge my 
debt to my colleagues, Professors Wheeler, Morrison and Guilford, and Mr. 
Bartley, without whose coéperation, many suggestions, and helpful discussions 
this study would have been impossible. 


II. QUALITATIVE CHARACTERISTICS 

If a stimulus is exposed in the projection of the blind-spot it 
will be seen if it is sufficiently intense under all conditions. If 
the retinal field is dark, the stimulus falling within the blind-spot 
need not be so intense in order to be seen. But the illumination 
on the blind-spot must generally be greater than on the sur- 
rounding field, although not always as we shall see. What is 
seen is therefore a function both of the light affecting the optic 
disk and of the rest of the visual field. For this reason it is best and 
simplest to work in a dark room so that the stimulus in the blind- 
spot will be favored without special aids. After the experimenter 
has become familiar with the intensity of stimulus necessary to 
produce given results with given Os and the Os have become 
practiced in fixating one part of the field while attending to what 
goes on in the blind-spot, it is possible to expose two or more 
stimuli simultaneously so that the O will be able to see them. 

When a single stimulus, say a small bright spot 2 cm. in diam., 
is exposed within the projection of the blind-spot, mapped as we 
have described in our first method, the O will see a diffuse light 
with a brighter, denser core in the blind-spot, usually the color 
of the stimulus if it is of medium or high intensity. If the stimu- 
lus is of very low intensity it will change in color and finally dis- 
appear, in prolonged observation often leaving an after-image, 
positive or negative. Stimuli in the blind-spot lack definite form 
unless special precautions are taken to determine the form in a 
manner to be described later. The bright light seen may be de- 
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scribed as flat, hard, or surfacy as against the diffuse halo effect 
surrounding it. Several Os described the light as being in three 
dimensions and shaped like a cone coming toward them. 

If a very small light source is used to explore the region of the 
blind-spot there will be found places more sensitive than others; 
in one place or two the light may disappear entirely, but the area 
of this region of absolute blindness is so much smaller than the 
total area of the optic disk as to make it doubtful if the statements 
generally made concerning the extent of the blind-spot and its 
anatomical locus are true. In fact the region of blindness cor- 
responds rather to the entrance of the retinal artery and vein 
than to the whole of the optic disk. 

All colors will be seen in the blind-spot under the conditions 
of stimulation described. After-images, contrast effects, adapta- 
tion, and many other phenomena characteristic of normal vision 
will be found in the blind-spot, only in somewhat different degree, 
rather easily by the method of procedure we adopted, viz. illu- 
mination of the optic disk while the rest of the field is dark. At this 
point we wish to stress the fact that the phenomenon typically 
seen is a bright central core with diffuse halo, when one stim- 
ulus is exposed in the blind-spot; when several stimuli are exposed 
there may be several ‘cores’ corresponding to the light sources, 
or no core at all. 


III. Apparent or STIMULI 

The apparent size of any light stimulus falling on the blind- 
spot will be affected by three factors: (1) the size of the stimulus; 
(2) intensity or brightness of the stimulus; and (3) the duration 
of the stimulus. For small stimuli the spread of light is less than 
for large, although any light tends to spread throughout the whole 
optic disk. Os judge size both by the amount of spread and the 
intensity, the former being a direct function of the latter. The 
second factor is of greatest importance since both the brightness 
of the central core and the size of the halo depend upon this factor. 
All the Os report that the total size decreases as the intensity of 
the source is decreased. 

Noticeable changes occur as a stimulus is exposed in time. 
In the first moment of exposure of a stimulus, a small light is 
discerned by O which rapidly grows larger attaining a maximum 
for a moment, after which it may shrink to as much as one-third, 
staying thus for many seconds. This initial growth and shrinkage 
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is accompanied by gamma movement or constitutes it and is 
easily seen as one exposes an ordinary light momentarily.“ As 
adaptation proceeds the light grows smaller and smaller, changing 
in color until it disappears entirely. The rate of growth and 
shrinkage both depend upon the intensity of stimulus. Os adapt 
so quickly to faint stimuli they may last only for a few seconds 
in vision. 

It is, of course, possible to adjust the intensity of the stimulus 
so that the total spread of light does not reach to the boundaries 
of the blind-spot as the following experiment shows: a circle of 
spots, 1.25 cm. in diam. is exposed around the edge of the blind- 
spot and a single spot 2.5 cm. in diam. is exposed within the blind- 
spot as shown in Fig. 1. The Os report that between the outer- 
most edge of the halo within the blind-spot and the circle of 
lights surrounding the blind-spot there is a dark space with no 
light. In this case we can be sure that the light diffused or scat- 
tered in the blind-spot does not reach beyond it, hence what is 
seen cannot be due to neighboring retinal elements. 


IV. CoNTRACTION AND DISTORTION 


If two spots of light in a darkened room are exposed on either 
side of the blind-spot (as in Fig. 2) all the Os agree that the spots 
appear nearer together than when seen in either foveal or 
peripheral vision. They will be seen as farthest apart in the fovea, 
nearer together in the periphery at the same distance as the blind- 
spot is from the center of vision, and the nearest together when 
one falls on one side of the blind-spot and the other on the opposite 
side. In the last case they may be only one-half as far apart as 
when viewed in direct vision. We have thus verified the findings 
of Ferree and Rand on this point. We also found that for any 
part of the retina, the less intense the stimuli the nearer they seemed 
be to each other, and the more intense the stimuli the farther apart 
they were judged to be. Comparing the distance between two 


48Shrinkage of the te disks has been noted by Briickner, op. cit., who 


ascribes it to the fact that surrounding retinal zones receive less stimulation 
after the first excitations. It is rather a special case of the rapid growth and 
decline of momentarily exposed stimuli which can be seen when any ordinary 
electric light is turned on and off quickly. Koffka and Kenkel have called this 

amma movement. (For an account of this phenomenon, see my article, The 

ene of Gestalt, this JouRNAL, 1925, 36, 504). U. Ebbecke, Ueber das 
Augenblicksehen, Arch. f. d. ges. Physiol., 185, 1920, 181-195, discusses the 
growth and disintegration of momentarily exposed light stimuli, pointing out 
normal vision is maintained between the two processes. 
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stimuli whcse own intensity was not changed but with room light 
on and room light off, we found that they were nearer together when 
the room light was off, perhaps owing to the fact that the region 
between the stimuli was no longer illuminated. 


G reported that when a rectangle composed of eight spots of light (Fig. 3) 
was exposed, dots 2 and 7 were nearer together than 1 and 3 or 6 and 8 and tended 
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Fras. 1-15. In each case the blind-spot in the figures has been represented 
by the heavy black circle, although the blind-spot itself has no such regular 
form. The representations of the stimuli inside or outside the blind-spot are 
not always in correct ratio to the size of the blind-spot in these figures; however, 
the proper dimensions are given in the text, to which the reader is referred. 
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to make the top and bottom horizontal rows come nearer together. B reports 
movement of the two dots of light as he changes his fixation from the dots 
themselves to the fixation-point where they fall on either side of the blind-spot; 
in going from the fixation-point to the spots to bring them into direct vision 
they move apart. Here the perception of movement is an additional check 
upon the fact that the stimuli are nearer together when the blind-spot falls 
between them than when seen in foveal vision. 


To those who deny any shrinkage in the region of the blind- 
spot the observations of our Os are clear, unmistakable and cer- 
tain, under our conditions. Those who have failed to find shrink- 
age around the blind-spot have worked under the conditions 
favoring normal vision, 7.e. in a lighted room and usually with 
black letters as stimuli where the full effect of the blind-spot 
cannot be made to appear. Thus it is doubtful if many people 
will find distortion with the figure devised by Volkmann and re- 
produced by Helmholtz. But if in place of the nine black letters 
on a white ground with the blind spot falling in the middle of the 
square they outline, one exposes nine spots of light outlining a 
square in a dark room, or better still, uses only two spots of light 
on opposite sides of the blind-spot, and compares distances with 
foveal vision, the shrinkage in the vicinity of the blind-spot will 
be open to no question. There will be less deformation between the 
parts of the square than with two spots placed on opposite sides 
of the blind-spot, the square tending to maintain its form. 


V. Errect or Exposure TIME 


If the O by dint of special effort notes what is present in the 
first moment of exposure or what is present in a very short ex- 
posure (the latter being the shortest time in which EZ was able to 
expose the light momentarily—o.1—o.2 sec.) he is able to report 
simple geometrical forms correctly, thus showing there is some 
perception of form in the blind-spot, if it can be seen before diffusion 
occurs. Thus B and W reported a clear-cut homogeneous bar of 
light going through the blind-spot when a horizontal rectangle 
(26 X 2 em.) was exposed so that it passed through the blind-spot 
(Fig. 4). After the first fraction of a second in which the form was 
seen, these Os reported that the center portion (the part falling 
in the blind-spot) began to waver, grew diffuse (Fig. 5) and finally 
became blurred (as in Fig. 6). When a square was exposed 
wholly within the blind-spot, B reported that it was first seen 


49Helmholtz, op. cit., III, 211. 
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as a square which rapidly changed to a circle, and then became a 
diffuse brightness with a brighter central core, as shown in Figs. 
7, 8, and 9. All observers agree that as time goes on whatever 
distinctness of form the stimulus may have had is lost and the 
light gradually grows less bright and changes in color. The last 
color seen with continued observation (Dauerbeobachtung), as 
one adapted to the stimulus, regardless of what color filter was 
used, was blue. This is also true of the weakest intensity of light 
visible in the blind-spot, as reported in the section concerning 
changes in intensity of stimulus. 

When the stimulus has completely faded out in long exposures, 
after-images often appear. In such cases the Os reported that the 
stimulus light had been changed. Two Os (B and W) often ex- 
pressed uncertainty in their protocols as to whether the stimulus 
had been changed or they were seeing after-images. 

Two other changes, besides loss of form, in time are important. 
When the light is first flashed on the stimulus expands from a 
small light to a maximum and quickly shrinks in less than a second 
to the size characteristic of its intensity and objective size. 
These three phases, really constitute what has been named gamma 
movement. After these initial phases the light gradually decreases 
in size and brightness, obviously a result of adaptation. 

Adaptation occurs very much more rapidly in the blind-spot 
than elsewhere in the field of vision. Not only does the light seen 
decrease in size and brightness in continued observation but under- 
goes changes wholly analogous to the changes observed as the 
intensity of light is decreased. Green goes directly to blue as the 
Os adapt, yellow becomes more reddish and finally blue, amber 
becomes more brownish-red and finally blue. The last color 
seen either as a result of adaptation, or of decreasing the intensity 
of the stimulus from noticeability to unnoticeability or increasing 
the intensity of the stimulus from unnoticeability to noticeability, 
is blue. While this might be regarded as a result of chromatic 
aberration wherein the shorter wave-lengths attain greater ef- 
fectiveness for vision in the blind-spot, it is very doubtful whether 
this is the explanation. Whether the optic nerve fibers are more 
sensitive to short wave-lengths or we are dealing with some- 
thing analogous to the blue are phenomena, we hardly dare 
venture an opinion. The fact that Ferree and Rand found the 
blind-spot to be smallest when mapped with a blue stimulus has 
been noted above. 


H 


DIRECT STIMULATION OF THE BLIND-SPOT 375 


VI. Errect or INTENSITY 


The effect of changes in the intensity of the stimulus on phe- 
nomena in the blind-spot was next considered. 


Procedure. The intensity of the stimulus light exposed in the blind-spot 
was varied by means of rheostatic control of the current supplying the sources 
of light. The Os reported changes as the stimulus was changed from dim to 
bright and from bright to dim. Red, green, blue and amber filters were used. 


Results. At the weakest intensity, regardless of the color 
of the stimulus in foveal vision, the light in the blind-spot was 
seen as blue. Typical reports like the following substantiate 
this generalization. 


No filter; HZ decreases intensity of stimulus; O reports: ‘‘At first a yellowish 
white light which gets redder and redder, than an azure blue, shrinking in 
size at the same time.” 

Green filter; procedure as above: ‘‘ A green light which gets bluer and bluer 
until there is no green left in it.” 

Amber filter; procedure again like above: ‘‘The light was yellowish-red at 
first, then became redder, then blue at the end.” 

With the blue filter decreasing intensity changes the size of the light seen, 
with only a darkening of hue at the lowest intensity. 


If the stimulus is exposed at the lowest possible intensity and 
gradually is increased, the reverse order of appearance of colors 
with each filter is found. All filters look blue at the lowest in- 
tensity. The amber filter changes from blue to red or orange and 
only at high intensities does it appear with sufficient yellow in it 
to be called amber. The red filter begins as blue, although it 
looks a good red in direct vision, turns to red and gains in yellow 
as the intensity is increased. The green filter requires less light 
in order for the green component to become visible. At highest 
intensities the green filter looked yellowish. 

We next compared the order of colors as the intensity of 
stimulus changed when the stimulus fell within the blind-spot and 
when it fell on the edge of the blind-spot. Another fixation light 
was so placed that by moving the eye from the usual fixation- 
point the stimulus could be made to fall upon either the right, 
left, top or bottom edge of the blind-spot. It was thus possible 
to compare what was seen in the blind-spot at any given intensity 
with what was seen on the edge immediately contiguous to it. 
The results are most important for those theories that assume 
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what is seen in the blind-spot is due to stimulation of neighboring 
retinal elements. For a stimulus of given intensity which appears 
in the blind-spot as blue appears on the edge of the blind-spot as 
bright yellow and whereas the color of all stimuli at lowest intensities 
in the blind-spot is generally blue, on the margin of the blind-spot it 
was found to be yellow with no filter, and orange with the amber filter. 
On the basis of the scattering theories of vision in the blind-spot 
we should expect the first visible light on the edge of the blind-spot 
to be the same as the first visible one within, but this does not 
happen. Nor can it be said that what is seen in these cases in the 
blind-spot is an after-image because; (1) it holds for the first 
stimulus seen as the intensity of the stimulus is increased; (2) the 
colors seen do not necessarily conform to the color of the negative 
after-image, nor is it the positive since the intensity of the stimu- 
lus is on the increase; and (3) obliteration of the stimulus light 
may be followed by an actual after-image, different from the 
previously reported light, or by no after effects at all, showing 
that what was seen does not fall under the category of those phe- 
nomena classed under persistence of vision. 

The effect of change in intensity of stimulus upon size of the 
light seen in the blind-spot has already been noted in Section III. 
It was pointed out that due to spread of light in the optic disk all 
stimuli tend to be seen as diffuse patches of light larger than the 
stimulus. Since we should expect the spread or diffusion of light 
to be proportional to intensity we have an explanation for the 
generalization that the greater the intensity of stimulus, the 
larger the patch seen in the blind-spot. With increase in inten- 
sity go also an increase in size and brightness as well as the changes 
in color noted above. 

But the intrinsic brightness of the stimuli falling in the blind- 
spot is not alone of importance in what is seen there. If obser- 
vations are made in a lighted room, rather than under conditions 
of darkness as most of our experiments were made, then the 
effect of lighting the rest of the retina is equivalent to decreasing 
the intensity of the stimulus in the blind-spot. For the brighter 
the room light (or the rest of the retina), the brighter must be 
the stimulus falling in the blind-spot in order to be seen. Thus 
a stimulus which can not be seen in the blind-spot while the room 
light (150 w. incandescent lamp, shielded from the O’s face) is 
on, will begin to emerge in the blind-spot more and more strongly 
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as the room light is turned down.” It will attain its maximum 
brightness and size when the room is completely darkened. 
Maximum effects in the blind-spot are obtained when the difference 
in brightness between the blind-spot and the rest of the retina is a 
maximum and in favor of the blind-spot. 

If two stimuli are exposed simultaneously within the blind- 
spot, only the stronger, or in some cases the one having favored 
position, will be seen. But if the intensity of the two be made 
equal, then both may be seen at once, or rivalry may set in (see 
Section IX). 

In concluding this section the fact must be emphasized that all 
phenomena in the blind-spot depend in large measure upon the 
intensity of the stimulus, the state of adaptation of the eye, and 
the degree of illumination of the field outside the blind-spot. 


VII. Errect or ADAPTATION 


The phenomena accompanying the processes of adaptation 
in the blind-spot are here described. 


Procedure. Stimuli of various sizes and intensities were exposed well 
within the projection of the blind-spot, the O being told to report the changes 
in time. 

Results. As in the case of normal vision, if a stimulus is 
fixated for a sufficiently long time without eye movements it will 
change in hue, chroma, and brightness. Weak stimuli change very 
quickly in the blind-spot, rapidly becoming blue and finally 
disappearing altogether. Changes in the blind-spot o-sur very 
much more rapidly than in any other part of the visual field. An 
eye movement or wink may restore an invisible stimulus to 
visibility. Os differ as to the speed with which they adapt in the 
blind-spot, one O in particular adapting most rapidly so that 
weak stimuli were visible for only a few seconds at the most. 


A typical description of the course of the phenomena is as follows: “At the 
beginning an orangeish-red patch with tiny core. [The amber filter was being 
used]. As I looked it became dimmer and the core remained as a central point. 
After a while it got smaller and redder, then blue, a very washed out blue.” 


After the stimulus had completely disappeared so that nothing 
was visible in the blind-spot the observer shifted his fixation to 


5°Feinberg, op. cit., Psychol. Forsch., 7, 1926, 16-43, reports a similar finding 
and gives some good illustrations of the effect of general illumination on what 
is seen in the blind spot. 
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another point so that the stimulus then fell on one of the edges 
of the blind-spot. Immediately the stimulus reappeared in its 
original color. This shows that what has become a subliminal 
stimulus in the blind-spot is supra-liminal outside. Moreover, 
while the last color seen in the blind-spot is generally blue, outside 
the blind-spot it is generally white or gray before complete dis- 
appearance in adaptation. It thus appears that the blind-spot 
is a region of lessened sensitivity rather than ‘blind’ and possesses 
characteristic functional peculiarities which cannot be ascribed 
to other parts of the eye. 

The process of adaptation is in many ways exactly analogous 
to the effects following a decrease in intensity of the stimulus. 
As the blind-spot adapts the order of color changes follows the 
order of colors reported as the intensity of the stimulus was de- 
creased. 

If two stimuli are exposed within the blind-spot and the inten- 
sity of each regulated so that both are visible one may adapt out 
more quickly than the other. Thus when red and green were 
exposed, the red turned blue and disappeared, leaving the green. 
If one stimulus is within the blind-spot and the other outside, 


the one within the blind-spot usually disappears first, whether 
because of adaptation or inhibition we cannot say. Usually other 
mechanisms are at work to interfere with any clear-cut results 
so far as any one phenomenon is concerned, especially when the 
conditions are complicated through the introduction of other stim- 
uli into the field. 


One fact reported by one O requires special notice. W found that in con- 
tinued observation the core was the first to adapt out leaving the surrounding 
haze or halo after its disappearance. But in other experiments where we oblit- 
erated the core by covering the center of the source light the halo disappeared 
with the core. This fact by itself cannot therefore be used in favor of the 
scattering theories since just the opposite has been found to be true when 
direct control of core and haze was undertaken as reported in the section on 
the irradiation theories. 


VIII. Perception or Direction” 
The study of the perception of direction in the blind-spot, both 

of movements and of positions, was next taken up. 
Procedure. A small spot of light was moved either vertically or horizon- 


tally in the projection of the blind-spot and the Os reported the direction of 
movement. While the experiment was originally designed to find out if there 
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were differences in sensitivity to light in the various regions of the blind-spot, 
the interesting fact emerged that one O generally and other Os at times were 
wrong in their reports on the direction of movement. In this series of experi- 
ments O sat 4 m. from the screen, making the projection of the blind-spot 
average 40.63 cm. in diam., which, with a stimulus of only 4 mm. on a side gave 
ample room for exploratory movements. Sense of direction was also tested 
in this series by exposing a stimulus first, say, near the upper edge of the blind- 
spot and then another in the middle or lower portion of the blind-spot either 
leaving the first one present also or extinguishing it upon the appearance of the 
second. In these cases the O was required to report whether the second stimu- 
lus was below, below right, above, above left, etc. 

Results. For B when the stimulus was moved from top to 
bottom of the blind-spot it seemed to be going downward but 
obliquely. 

G had no difficulty in reporting correctly both the direction 
of movement of the stimulus and the spatial relations of the 
second stimulus with regard to the first. 

M and W found the most difficulty in judging directions. For 
M, stimuli exposed in the center of the blind-spot seemed to be on 
the right and stimuli at the top were reported on the left. M was 
not consistent, however, in her reports, sometimes reversing this 
type of error. This may have been due to the fact that she was able 
to see either not at all or poorly in the very center of the blind-spot. 
When stimuli near the top and center of the blind-spot were ex- 
posed and the center one extinguished, M reported that the light 
was being extinguished from right to left (the two within the 
blind-spot were not seen as two but as one large patch). 

W also called the central stimulus left and the upper right, 
thus reversing M’s illusion. When asked to draw the relative 
positions of the two stimuli, the central one was drawn below and 
to the left of the upper one. In these observations both stimuli 
were exposed simultaneously and then the center one obliterated. 
When one stimulus was exposed alone, W had no difficulty in 
placing it at the top or bottom, just as it was really placed in the 
projection of the blind-spot. 

In the case of both M and W we must ascribe these displace- 
ments to differences in sensitivity within the blind-spot and not 
to the stimulation of sensitive retinal elements because the 
stimuli were equidistant from all edges of the blind-spot, and in 
cases where they were not, were not displaced towards the nearest 
edge as they should be if the scattering and irradiation theories 
are correct. We shall discuss this point at greater length in the 
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section on irradiation where similar experiments were carried 
out for the express purpose of settling this point. 


IX. Dominance, Rivatry, AND FusIoN 


The effect of different stimuli, both within and without the 
blind-spot, upon each other was next considered. 


Procedure. In this series of experiments more than one stimulus was ex- 
posed at a time, either two in the blind-spot or one within the blind-spot and 
one or more outside the blind-spot near one of its edges. All combinations of 
the colors red, green, blue, amber, and yellow, taken two at a time, were used. 


Results. Just as in normal vision when several stimuli are 
exposed simultaneously in the visual field, one of four things may 
happen: (1) all the stimuli may be seen simultaneously; (2) first 
one stimulus may be seen, then another, in rivalry; (3) one stimu- 
lus may dominate, obliterating the other so completely it never 
appears; (4) or the stimuli may fuse. All of these possibilities 
were realized with all observers in the blind-spot. 


Dominance. This was the easiest to get because if either 
stimulus was stronger than the other, whether within or without 
the blind-spot, the other did not appear; although it must be 
borne in mind that if the stimulus in the blind-spot is to be seen 
as against the one on the edge it will have to be a great deal more 
intense than if the one on the edge is to dominate over the one 
in the blind-spot. This is in accordance with our law that if 
anything is to be seen in the blind-spot the differential brightness 
must be in favor of the optic disk. Some typical results follow. 


B reported only the blue when blue and red rectangles (23 mm. X 3.5 mm. 
with 45 mm. between) were exposed within the blind-spot (Fig. 10). Nor was 
the red seen in this case after the blue had adapted out and nothing was seen. 
This was true of all the Os until careful adjustment of the intensities made it 
possible for them to see both simultaneously. 

G reported only the two yellow rectangles on either side of the blind-spot 
when they were exposed with a blue rectangle inside the blind-spot (Fig. 11). 
Domination of the stimulus in the blind-spot over the stimulus outside was 
obtained by making the blue in the blind-spot very intense and an annulus 
of yellow around the blind-spot very weak (Fig. 12). O reported a very dark 
navy blue with almost no trace of the ring outside in the last case, which shows 
that a stimulus inside the blind-spot may dominate over one outside. 

M and W report domination of one stimulus over the other when both are 
within the blind-spot (Fig. 13). In this instance the stimulus falling in the 
center of the blind-spot was effective and the addition of another stimulus 
near the top edge of the blind-spot made no difference in what was seen. If, 
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however, the top stimulus was exposed alone it was seen, but as soon as the 
center stimulus was added it blotted out the top one. It should be borne in 
mind that here the ‘top’ stimulus was 15 cm. from the nearest edge of the blind- 
spot while the central one was 25 cm. and hence, on the irradiation and scatter- 
ing theories, the ‘top’ one should have been preferred since the amount of light 
affecting neighboring sensitive retinal elements is inversely proportional to the 
distance from them. 

A somewhat different type of dominance is that reported by W. Three 
squares were exposed as in Fig. 14, one above the blind-spot, the second in 
the blind-spot and the third below the blind-spot. When all three were exposed 
simultaneously the one in the blind-spot was not seen at all. But when either 
the top or the bottom stimulus was obliterated the one in the blind-spot ap- 
peared. But when the third square was added to the other two, the middle 
one disappeared. 


Rivalry. Under conditions described above, a more or less 
regular alternation of stimuli may occur, thus when red and green 
(Fig. 10) were exposed within the blind-spot first one was seen 
and then the other. By making now the one color more intense, 
now the other, either could be made to obliterate the other. 


A good description of the fluctuations is the following given by G when a 
biue was exposed in the left half of the blind-spot and a red rectangle in the right 
half as shown in Fig. 10: “First a good rose red at right hand side, not very 
large and not very dense. Then a big patch of blue loomed up more to the left 
with a strong dense center and a lot of diffusion to the left. Red disappeared 
for a moment and came back at the right. Several minor fluctuations in which 
first blue would appear and then red as in retinal rivalry.” 

Similar descriptions of rivalry within the blind-spot were given by all 
the Os. 

Fusion. Occasionally when two differently colored stimuli 
were exposed simultaneously within the blind-spot they fused 
and were seen as a mixture. G reported when red and green were 
exposed that he saw a gray. This is the only case of fusion in- 
volving complementaries with a resulting gray. Sometimes when 
there is not a good dividing line between the two colors they may 
merge into each other, thus red and yellow gave orange either 
over the whole field or in the region between the two stimuli, while 
the red and yellow were seen as such beyond the orange region. 


X. Errect or STIMULATION 


Dual stimulation was most difficult to obtain due to the fact 
that if either stimulus is brighter or more Eindringlich for any 
reason it tends to dominate or rivalry sets in. With careful ad- 
justment of the intensities of the two stimuli it was possible, 
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however, for all Os to see two colors at the same time when both 
were exposed within the blind-spot. 


Procedure. Different pairs of colors, red and green, green and blue, blue 
and yellow, red and yellow, yellow and green, and red and blue were exposed 
within the limits of the blind-spot as shown in Figs. 10 and 15. The stimuli 
were either rectangles cut in the cardboard screen 23 mm. X 3.5 mm. with 
45 mm. between, illuminated from behind, or two concentric rings of different 
color. The Os were not aware of the colors or of their position before they 
appeared. The position of the colors was changed, one appearing on the right, 
above or below the other. O reported not only on the color but its position 
and relation to the other, if both were seen. 


Results. All the Os were able to see two colors simultaneously 
within the blind-spot. A typical description of the phenomenon, 
reported by G, follows: “I saw two colors, red at the right and 
green-blue at the left. There was a good dividing line between 
them, i.e. where one left off and the other began.” 


We next utilized a test suggested by Professor K. M. Dallenbach and Dr. 
W. T. M. Forbes of Cornell University as crucial for the theories of irradiation 
and scattering: two concentric rings, both within the blind-spot and of different 
colors (see Fig. 15) were exposed. In this series of experiments the blind-spot 
was 20 X 27.5 cm., the red ring having a diameter of 12 cm. and 1 cm. wide 
while the inner ring was blue having a diameter of 4 cm. and was solid. There 
was therefore a distance of 7 cm. between the inner color and the surrounding 
one and 8 cm. from the edge of the outer ring to the nearest edge of the blind- 
spot. In this procedure the outer concentric ring acted as an envelope for the 
inner and if they were both seen at once it is inconceivable on the basis of the 
irradiation theories how the inner could be seen without breaking through its 
envelope. Under these conditions 3 Os (including the writer) saw both colors, 
simultaneously, one within the other: one O was uncertain, and a fifth was unable 
to see both. In order for this experiment to succeed it is necessary to control 
the intensity of each color and to vary it until the proper intensity is obtained 
so that neither will dominate. The space between the two colors helps elimi- 
nate fusion. Momentary exposure may aid some Os to see both colors clearly 
simultaneously. 


XI. Arrer-IMAGES 


We describe in this Section the after-images that we obtained 
by the direct stimulation of the blind-spot. 


Procedure: E exposed light stimuli in the projection of the blind-spot and 
O was instructed to hold his fixation after the stimuli disappeared and to report 
if any after-images appeared. The length of time of exposure of stimuli varied 
from a fraction of a second to several seconds. A variant of this procedure con- 
sisted in exposing stimuli which fell partly within and partly outside the blind- 
spot (Fig. 16). 


ie 
. 
} 
J 
‘ ; 


DIRECT STIMULATION OF THE BLIND-SPOT 383 


Results. All the Os report after-images, positive and negative, 
from stimuli either falling wholly or partly within the blind-spot. 
In fact our first knowledge of the presence of after-images came 
not as a result of direct search for them but as a by-product of 
experiments designed for other purposes. We then made special 
experiments to detect the presence of after-images in the blind- 
spot. One O, G, who had special practice in another problem in 
observing the course of the after-image tried for a time to identify 
and follow its various phases (more than six in number). But 
apart from establishing the general fact that after-images in the 
blind-spot go through successive phases as in normal vision we 
were unable to control conditions with sufficient exactitude to 
offer anything certain in the way of identification of single phases. 
Several phenomena deserve special mention and will be given 
as originally reported. 


When a long narrow rectangle extending from the left side of the blind-spot 
and through it to the right side (Fig. 4) was shown to B momentarily, he re- 
ported a chalky white rectangle in the after-image (stimulus light at high 
intensities was white with a yellowish tinge) not quite as large as the one 
originally seen while the stimulus was on, the edges having a diffuse outline. 
This is a case of positive after-image in the blind-spot. In the case of this after- 
image obtained with very short exposure of stimulus there was no more dis- 
tortion of outline through the blind-spot than elsewhere—a fact which holds 
for direct stimulation as well if the stimulus is momentarily exposed. 

The fact has been mentioned that all stimuli at low intensities or at very 
great distance and small appear blue in the blind spot. B reported that a 
faint yellow stimulus which appeared blue in the blind-spot changed to yellow 
(after stimulus was obliterated). 

G reported two negative after-images from two stimuli exposed simul- 
taneously in the blind-spot. In this experiment EH exposed a red rectangle 
on the left and a blue rectangle on the right, both well within the blind-spot. 
G reported “first a blue patch to the right then a red patch to the left. Red and 
blue fluctuated. Then for a time both were present. At first there was a good 
dividing line between them which disappeared toward the last. When the 
black card was put up (£ thus obliterated the stimuli, leaving the whole visual 
field dark) the left-hand side turned green and the right-hand side was very 
dark, yellowish green.” (Our blue filter was not monochromatic, hence we 
might expect some other color added to the yellow in the after-image.) 

M reported a green after-image from a red stimulus and a blue after-image 
from a yellow stimulus. 

W reported an orange-yellow after-image after stimulation with blue. When 
the edge of the blind-spot was surrounded by an annulus of yellow and the 
center was stimulated by blue (Fig. 15) and the intensity adjusted so that W 
could see both simultaneously, upon closing his eye, W saw the annulus as blue 
and the spot in the center as yellow in the after-image which appeared. 
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After stimulation with white light, if a black screen was placed over the 
projection of the blind-spot and the room light turned on all of the Os reported 
the blind-spot as a black disk blacker than the background, plainly visible. 


XII. PrErceptrion or APPARENT AND REAL MOVEMENT 


The perception of movement, apparent and real, in the blind- 
spot is now considered. 


Procedure. A small light, 2 mm. sq., was moved about in the projection of 
the blind-spot as the real moving stimulus. For the production of apparent 
movement (stroboscopic or phi-movement) two methods were employed: (1) 
we found that if one stimulus was exposed briefly and then a second exposed 
in another part of the blind-spot it was possible to produce apparent movement, 
although in this simplified procedure it is not possible to produce movement with 
the regularity and smoothness we have come to expect as a result of the ex- 
cellent methods developed since Wertheimer’s classic study; (2) by cutting 
two holes in the screen on which the blind-spot was projected and by rotating 
a disk behind them in which slits had been cut so as to coincide with the holes 
in the screen it was possible to regulate the time of exposure of each stimulus 
in the blind-spot, the time and distance between stimuli and the intensity of 
each. By this latter means apparent movement from stationary stimuli can 
be produced at will, the direction and character of movement being inde- 
pendent of the direction of rotation of the disk since it is seen equally well in a 
direction opposite to that in which the disk revolves. 


Results. As we have noted in Section VIII, real movement 
is perceived by all the Os in the blind-spot. Stationary stimuli 
exposed in rapid succession by the first method produced apparent 
movement for G. Since this O had been observing in a problem 
on the phi-phenomenon, he may have been ‘set’ for it and hence 
perceived it under conditions that were not optimal for it. 
Yet G was surprised to find movement under these conditions 
since we were at work upon another aspect of the problem. We 
thereupon repeated our procedure with another O (W) who also 
reported movement, but he was not so sure about its sensory 
character, feeling that he may have ‘inferred’ it. Our purpose 
in mentioning these two cases here is to show how easy it is to 
produce apparent movement in the blind-spot, even with such 
crude procedure as is involved here—procedure which would not 
suffice in direct vision. But other investigators have also pointed 
out the fact that the phi-phenomenon occurs even more readily 
and smoothly here than in other parts of the visual field. 

With apparatus actually designed for the production of ap- 
parent movement, as described in the second method given above, 
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we were able to substantiate the findings of Stern® and others 
that movement may be seen in the blind-spot (1) when both 
stimuli lie on either side; (2) when one stimulus is within, the 
other without the blind-spot; and (3) when both stimuli are en- 
tirely within the blind-spot. All the Os have no difficulty in 
seeing apparent movement in the blind-spot when the conditions 
are at all favorable. 

The perception of apparent movement within the blind-spot 
when both stimuli lie within it is most significant for any theory 
of vision in the blind-spot. For it is inconceivable on the basis of 
the scattering and irradiation theories how light radiating from 
different parts of the optic disk to surrounding retinal elements 
could give rise to a movement process unseen in the sensitive 
regions and then localized as in the blind-spot. According to the 
irradiation theories we are required to assume not only that single 
points falling in the blind-spot are seen in the blind-spot through 
their effect on neighboring retinal points but, what is far more 
difficult to believe, that the retinal points stimulated give rise to a 
movement process over a retinal area (or line) unseen in the places 
actually excited but localized as in the blind-spot. The same 
difficulties will be encountered if, mutatis mutandis, the process is 
supposed to take place in the cortical projection of the retina. It 
was this same difficulty of localization in the irradiation theories 
which forced Helmholtz and others to give them up in part. In 
the face of these and other findings they must be given up in toto. 


XIII. Perception or Form 

In general, especially after the first fraction of a second of 
exposure of a stimulus, we may say that perception of forms in 
the blind-spot is either poor or wholly lacking. The usual thing 
seen is a haze spreading out in all directions, regardless of the 
form of the stimulus. But differentiations in brightness within 
the haze may lead the O to infer that certain figures are present. 
Thus triangle, circle, square and rectangle seem different even 
though the O cannot say just what the form of each may be. 
There are, however, two notable exceptions to the general state- 
ment that form perception is either lacking or poor in the blind- 
spot: (1) when the O knows the shape of the stimulus exposed he 
is able to assert that differentiations in brightness within the total 
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field suggest what is actually the form of the source; (2) but with 
very brief exposures or with extreme care on the part of the O 
during the first moment of stimulation, the form of the stimulus 
is actually seen ‘and not inferred. Forms may be seen with suf- 
ficient distinctness to be recognized and named correctly. After 
the initial Einprdgung the form evaporates, as it were, into the 
diffuse phenomenon described above. Even though the process 
of diffusion within the optic disk takes place rather quickly it is 
still not so rapid but that the O can detect the form before dif- 
fusion has taken place and can actually see the change from a more 
or less clearly bounded figure to a large shapeless mass possessing 
more or less brightness differences within. One O (W) is positive 
that form is given perfectly at the beginning of stimulation, but 
that its rapid disappearance makes it hard to detect. 


Procedure. Various figures at different intensities were exposed in the pro- 
jection of the blind-spot with both short and long exposure times, with and 
without knowledge. The Os were required to report on the form of the phe- 
nomenon seen and to note any changes it underwent in time. 


Results. Typical results for each O are given, (1) observing 


without knowledge and then (2) observing with knowledge. 

(1) Without knowledge. B reported a half moon exposed 
in the blind-spot as “a ring effect, not fully complete” (Fig. 17). 
Two squares, one above the other, were reported as an upright 
rectangle (Fig. 18). In this case diffusion occurred within the 
blind-spot from one figure to the other over a distance greater 
than the distance from either stimulus to the nearest edge of the 
blind-spot, the total phenomenon being localized within the 
boundaries of the projected blind-spot. A cross exposed in the 
blind-spot (Fig. 19) was called a cross but its form was greatly 
distorted as compared with the stimulus. It appeared as shown 
in Fig. 20. Six small circles exposed in the blind-spot were re- 
ported as giving rise to a less homogeneous field than three spots 
(ef. Figs. 21 and 22). 

M reported a triangle exposed with the base uppermost as a 
vertical slit with the lower end narrower than the upper. A num- 
ber of slits forming an eight-rayed star were reported as differ- 
entiated, not round (Fig. 23). A cross appeared not exactly round 
but M could not say what shape it was. The two squares in Fig. 
18 appeared as two spots for M in contrast to the single figure B 
reported. 
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W reported that a half moon was different from a cross, but 
could not tell in what respect. Multiple cores, as for B, are dis- 
tinguished from one or few cores (Figs. 21 and 22). 


25 26 27 
Figs. 16-27. For explanation see legend to Figs. 1-15 and the text. 


(2) With knowledge. G and W looked directly at a blue 
rectangle and then turned the eye so that it fell in the blind-spot. 
Both reported that form was preserved even in the blind-spot, 
although not as definite and clear as in foveal vision. 
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G describes the experience as follows: 


“First I looked at fixation-point and got a blue patch of light in the blind- 
spot, rather small, formless, all a film color, no hard surface, and more dense 
in the center and much smaller in area than the blind-spot. As I turned my 
eye slightly off the fixation-point toward the blue stimulus, about two inches 
from the fixation spot the blue shrank in size, became smaller and elongated 
vertically and then seemed to be less blue and dense. Going farther it took 
its definite rectangular shape and got more surfacy and definite until I fixated 
it directly. Going back the changes took place in reverse order. When seen 
at the time my fixation was about two inches from the fixation point it seemed 
less blue than at the fixation point itself. After I knew the shape of the thing, 
while fixating the red spot (7.e. while stimulus fell within blind-spot again) it 
retained its elongated form.” 


W’s reports show much more definite preservation of form in 
the blind-spot when working with knowledge. 


“After looking directly at the blue slit and then turning fovea to the red 
fixation light the blue slit kept its form.” 


W was unable to find a place in peripheral vision where an 
intense blue stimulus lost its form to any appreciable extent, 
showing that the amount of scattering of light after reaching the 
retina is so small as not to be perceptible, hence the diffuse nature 
of the phenomenon seen in the blind-spot is due not to scattering, 
but to the lack or receptors responsible for the perception of form 
and detail. 


Short exposures. All the Os agree that at the very first moment of exposure 
form is present though it may not last long enough to be definitely identified. 
M often reported “at the very first there was a suspicion of form.” W was 
most successful of all in reporting form after very brief exposures of stimulus. 
He succeeded in naming and drawing correctly the following figures which, 
however, appeared ‘fuzzy’ in various parts and lacked the distinct outline we 
are accustomed to find in good vision: triangle, half moon, cross, and rectangle. 
Probably most of the successes with forms in the long exposures were due to 
having seen them at the beginning. 

What slight perception of form exists in the blind-spot furnishes conclusive 
evidence against the theories which assert that vision in the blind-spot is due 
to excitation of end-organs in the adjacent retina. 


XIV. Experiments DEsIGNED TO Test ALTERNATIVE THEORIES 
oF VISION IN THE BLIND-Spot 


Most of the theories concerned with vision in the blind-spot 
take no account of the possibility that the blind-spot may re- 
spond to direct stimulation, or at least disregard what is seen 
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there under such conditions. Theorists have been engaged in 
explaining why there is no gap in the field of vision or why 
the optic disks may appear in contrasting colors to the rest of the 
field. Our experiments raise the problem as to how it is possible 
to see with the optic disk, a place where, it is assumed, receptors 
are lacking for the transformation of light into energy suitable 
for conduction along the nerves. Only two theories have been 
advanced in the literature to explain vision with the blind-spot: 
(1) that the light seen in the blind-spot is due to eye-movements 
causing the stimulus to stimulate contiguous retinal areas, ad- 
vanced by Helmholtz to explain the fact that some of Donders’ 
patients saw the image of a flame when thrown directly upon the 
optic disk; and (2) light directed to the optic disk scatters and 
falls upon neighboring parts of the retina, but it is assumed that 
what is seen is localized as coming from within the blind-spot. 
The authors of the contrast theories have not considered the pos- 
sibility of direct stimulation of the blind-spot with resulting 
sensations of light and so their theories reduce to explanations in 
which the optic disk plays a wholly negative réle, adjoining re- 
gions of the retina, or their central projections, being responsible 
for what is seen in the blind-spot. We shall therefore have to 
consider theories which may be advanced to explain our results, 
as well as theories already formulated since, with one exception, 
no thorough-going piece of work involving direct stimulation of 
the optic disk has yet been published. 

It must be borne in mind that evidence may be found to support 
any theory of vision in the blind-spot if contrary evidence is neglected, 
as has been done all too often in the history of the problem. We 
have therefore selected those experimental tests which we believe 
to be crucial for all hypotheses which do not admit the possibility 
of direct response of the optic nerve fibers to light stimulation. 
Of the hundreds of experiments made and contemplated most 
seemed to be inconsequential so far as being definite tests of 
alternative theories. Hence only those tests will be given and dis- 
cussed which seem to have a decisive bearing on the fundamental 
issues. 

Series 1. The Os fixated on a lighted ground glass screen, illuminated from 
behind. The projection of the blind-spot (which we found by previous map- 
ping) was then covered with a black cardboard. There is no filling in of the 
blind-spot, although light is stimulating the retina immediately contiguous to 
the optic disk, nor does the light take on the form of the blind-spot. In fact 
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one observer (G) reports seeing clearly a dark disk in the place occupied by the 
blind-spot. Under these conditions no O reports the bright central core with 
surrounding haze or halo, so characteristic of vision in the blind-spot. 

Series 2. Better than the above, but a modification of it. Instead of 
lighting the whole field around the blind-spot, we exposed a bright light in 
the projection of the blind-spot, and placed a piece of cardboard so that the 
only light present was that due to scattered light around the edges of the card. 
A faint haze was seen by all the Os, but no O reported the bright central core. 
In other words, when we have a gradient of brightness, greatest at the edges 
of the blind-spot and diminishing as we go away from it, the blind-spot is not 
filled in in the sense of the gradient as we should expect if the theories of scat- 
tering and irradiation were true. If we uncover the stimulus (so placed as to 
stimulate the blind-spot directly in the center) all Os immediately report the 
bright central core; and if we move the stimulus in the blind-spot the bright 
central core moves in a manner corresponding to the actual position of the 
stimulus. 

Series 3. The above experiment more rigidly controlled. Mapping the 
blind-spot on screens at various distances, we obtained a series of projections 
increasing in size as we increased the distance. We then cut out the projection 
of the blind-spot in each screen, taking care that each map should be in align- 
ment with the rest by special tests. We thus have a series of diaphragms to 
take care of scattered light. This procedure we believed was better than 
the use of a cone from eye to screen since the inside of a cone even though black 
would act as a multiple reflecting surface, giving scattered light rather than 
eliminating it. Under these conditions a weak stimulus was seen as a bright 
core with halo but if a small piece of black cardboard 1-} the diameter of 
the blind-spot was placed in front of the light source, the bright central core 
disappeared immediately, although one half of the blind-spot was still stimu- 
lated by light. The core seen in the blind-spot corresponds to the brightest 
part of the source since covering that up caused the core to disappear. Even 
though the conditions postulated by the scattering theories were fulfilled in 
stimulating the periphery of the blind-spot no bright core was seen as we 
should expect if they are true. Nor did the light on the edges of the blind-spot 
take on the outline of the optic disk as we might have expected from the alter- 
native theories. Since what has been said held true for the most intense 
stimuli (300 w.) used as well as for the weakest, our results cannot be explained 
as being due to insufficient stimulation. In using 300 w. light sources at 131 
cm. from the O we actually obtained more light on the periphery of the blind- 
spot than would have been possible in the majority of our experiments carried 
on with weaker stimuli. Thus while we took special pains to fulfill the con- 
ditions of the irradiation and scattering theories the expected did not happen. 
We must conclude that the bright central core seen in the blind-spot under 
direct stimulation is due to the brightest part of the source, moving with it 
and disappearing when it is obliterated. Neighboring portions of the retina 
cannot be responsible for the bright core since no core is seen when the amount 
of scattered light is greatly increased but direct stimulation is absent. 

Series 4. Still fulfilling conditions of the scattering and irradiation theories 
by varying Series 3 as follows: we made rings of increasing brightness toward 
the boundaries of the blind-spot, thus actually having a gradient of brightness 
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whose maximum was at the boundaries of the blind-spot. In some cases we 

even extended the rings into the blind-spot 2 cm. (see Figs. 24 and 27). Under 
these conditions, with light actually streaming in on all sides of the blind-spot 
and growing brighter as they approached the center, no bright core appeared. 
The completion in gradient of brightness in the blind-spot demanded by the 
scattering and irradiation theories did not take place even though, as here, 
optimal conditions were made for them. In fact we made conditions more in 
accordance with these theories than they were in the rest of our experiments, 
yet no bright central core appeared in the blind-spot, one observer even per- 
ceiving a gap in the field where the rings ceased. In some cases, even when the 
blind-spot was permeated by a haze from the rings extending into the blind- 
spot, no brighter core was present. 

Series 5. Comparison of scattering in various parts of the retina and the 
blind-spot. It is generally conceded that the amount of scattered light is pro- 
portional to the intensity, and, we may add, to the length of fixation, increasing 
as the stimulus is fixated. Special experiments were made with G, M and W 
to determine whether the amount of visible scattering changed in different 
parts of the retina, especially near the borders of the blind-spot. While stimuli 
change in tint and chroma in passing from the fovea to the periphery there is 
very little difference in the amount of perceived scattered light as such since 
there is not enough to cause appreciable distortion of form. One O (M) found 
considerable difficulty in getting clear-cut forms in the periphery but reported 
no visible irradiation. Stimuli bordering the very edges of the blind-spot are 
seen as fairly sharp lines and do not diffuse into the blind-spot. 

On the basis of the scattering theories we should have to assume that there 
is a sudden increase of scattering of light in the eye in one place—the region 
around the blind-spot. Moreover, the amount of scattering necessary would 
have to be so great to account for what is seen in the blind-spot that it passes 
belief, for normal vision with sharp contours could never then be possible. 
That scattering does not occur until we reach the inside of the blind-spot is 
proved by our experiments in which stimuli exposed on the edge of the blind- 
spot preserved their form. The diffuse halo in the blind-spot is due, then, not 
to scattering of light from the blind-spot to the adjoining regions and back 
again (irradiation theories require the transportation of light both away from 
and back to the optic disk) but to the nature of the optic disk itself which is 
composed of naked axones which are probably good refractors of light. The 
lack of receptors in the blind-spot would probably explain the lack of form per- 
ception. 

Series 6. We know that stimuli falling within the blind-spot tend to spread 
or diffuse. The direction of spread can be reported upon by the O so that if 
we expose two stimuli within the blind-spot at different distances from the 
edges, we should expect, on the basis of alternative theories, the one nearest 
the edge to be the more intense, since the scattering is inversely proportional 
to distance from sensitive elements. We exposed two stimuli 10 cm. from the 
nearest edge of the blind-spot and 20 cm. from each other to fulfill the distance 
condition of the scattering theories. Assuming that what is seen is due to 
stimulation of retinal areas adjoining the blind-spot by scattered light, we 
should expect the brightest parts to be near the edges of the blind-spot since 
the stimuli are nearer the edges than to each other. Under these conditions, 
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when both stimuli were of equal intensity, they were seen as a band of light 
extending from one to the other, the diffusion taking place within the blind- 
spot and not out toward the edges which were nearer. Moreover, the whole 
phenomenon was confined to the blind-spot, nothing being seen at the edges. 
Again, when we exposed a stimulus in the center of the blind-spot and added 
another stimulus of the same size and intensity above it and near the top edge 
of the blind-spot, the addition of the second made no difference to what was 
seen (Fig. 13). When we exposed the top stimulus alone it was seen, but as 
soon as the central one was exposed it obliterated the top one, although the 
latter was only 5 cm. from the nearest edge of the blind-spot while the center 
one was 19 cm. Since the effects described do not conform to what we should 
have expected from a scattering mechanism we must conclude that what was 
seen was due to direct response of the optic fibers stimulated or to scattered 
receptors in the nerve-head. 

Series 7. Experiments designed to determine if stimuli irradiate into the 
blind-spot. The O moved his eye so that a stimulus fell now on one side of the 
blind-spot, now on another (Figs. 25 and 26). In such cases there was no 
visible irradiation of the stimulus into the blind-spot, not even when the 
stimulus extended part way into it. Not until a large part of the stimulus 
falls into the blind-spot is it seen at all so long as stimulation is present on 
adjoining retinal areas which inhibit vision in the optic disk. We have already 
mentioned the fact that stimuli preserve their form right up to the edges of 
the blind-spot and hence scattering does not occur in a perceptible degree. 
Moreover, if an annulus of yellow surround the edges of the blind-spot and a 
blue is exposed inside, there will be no interference of the one with the other, 
both being visible simultaneously. Indeed, a dark space may be seen between 
the annulus and the stimulus within the blind-spot showing irradiation does 
not extend outside the boundaries of the blind spot nor into them. 

Series 8. Simultaneous exposure of stimuli near the boundaries of the 
blind-spot and within the blind-spot. It is of great importance in these ex- 
periments to get the proper intensity of stimulus within the blind spot, to 
verify the facts reported here. All combinations of the colors red, green, blue, 
yellow, and amber were used. The facts which emerge as of the greatest im- 
portance in this series of experiments are that: (1) when the blind-spot is 
completely surrounded by an annulus of color and the center is stimulated 
with the complementary color (Fig. 12) both may be seen simultaneously with 
no encroachment of the inner on the outer or vice versa, when the intensity of 
the inner is made just sufficient for visibility and no more. In fact, Os report 
a dark space between the two stimuli. (2) Stimuli on either side of the blind- 
spot (Figs. 11 and 14) do not interfere with what is seen in the blind-spot if 
the intensity of each is regulated. It is possible to increase the intensity of 
the stimulus in the blind-spot until its haze extends beyond the boundaries 
of the blind-spot. But even in foveal vision intense stimuli fixated for a long 
period in the dark tend to diffuse over the retina, even blotting out weaker 
stimuli in the rest of the field. The blind-spot is therefore not an unique region 
so far as the presence of haze is concerned, here it appears much more readily 
but stays within the boundaries of the blind-spot if the stimulus is not too 
intense. Again, we find the blind-spot comparable to the rest of the field of 
vision, different only in degree. (3) Stimuli right up to the edges of the blind- 
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spot (Fig. 11) maintain sharp outlines and are not seen in the blind-spot unless 
they extend far into it, or special care is taken that they shall be seen by in- 
creasing the intensity of the part within. Moreover, as soon as stimuli become 
visible in the blind-spot their qualitative character is so different from that 
which they bear outside that there can be no question different mechanisms 
are responsible for what is seen in the blind-spot from those functioning in 
normal vision. Thus a stimulus falling partly within and partly without the 
blind-spot as in Fig. 16, was bright yellow outside and reddish yellow inside, 
the outer portion retaining its form on the very edges of the blind-spot. (4) 
Stimuli bordering opposite sides of the blind-spot (Fig. 2) are not necessarily 
completed within the blind-spot by irradiation as so many writers assume; in- 
deed, a gap may be seen between them corresponding to the position of the 
blind-spot. 

Series 9. In this series of experiments the blind-spot was mapped at a dis- 
tance of 4 m., giving an average horizontal (small) diameter of the blind-spots 
of our Os of 40 cm. while the stimulus consisted of a small square slit, 1 cm. on 
aside. Thus the stimulus or image on the retina was only 1/40 the diameter 
of the blind-spot or total optic disk. By bringing a card over the stimulus from 
one side or making it smaller from all sides, it was possible to cut it down to a 
point. If the core is due to scattered light, then the less scattered light present 
the dimmer and smaller should be the core. All the Os agreed that the effect 
of cutting down the stimulus was to reduce the size of the haze or halo, the 
core being the last to change and go. When the core disappeared, it went sud- 
denly, taking the halo with it, or what remained of the halo. This experiment 
is the reverse of experiments in Series 2, 3, and 4, where the core was deleted 
by obliterating the brightest part of the stimulus while the edges of the blind- 
spot were illuminated from the rest of the source. Here we obliterated the 
light from the edges to determine if the core was due to light coming into the 
blind-spot from without, with the negative result reported. Similar experi- 
ments in which the ‘cutting off’ of light was made at the eye by bringing a card 
across the pupil gave identical results as cutting off at the source. It thus 
appears that the core is the cause of the halo while it itself is due to the direct 
action of the stimulus upon the optic nerve fibers or some mechanism present 
there capable of acting as end-organs. 

Series 10. Since the perception of two colors within the blind-spot is 
crucial so far as alternative theories are concerned, we mention the fact again 
here that two colors, exposed side by side or in the form of concentric rings 
within the blind-spot or as annulus around the blind-spot while the other is 
within, can be seen simultaneously—a definite disproof of the scattering and 
irradiation theories. 


THEORETICAL AND CONCLUDING REMARKS 


If definite meanings are given to such terms as scattering, 
irradiation and the like, all of which have been assumed to explain 
vision in the blind-spot, then we may devise tests to verify them. 
We expect certain phenomena to be present under certain con- 
ditions and absent under others if these words have assignable 
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meanings. Thus we expect the effect of scattering to be inversely 
proportional to the distance from the places affected by it and 
we can see if a stimulus near sensitive retinal elements is seen 
better in the blind-spot than one farther away. By a systematic 
variation of conditions we tested alternative theories of vision 
in the blind-spot and found that what we expected did not happen 
while in many cases what did happen is unexplainable if we ac- 
cept these terms as we now understand them. 

When, as in our experiments with a 2 mm. stimulus at 4 m. dis- 
tance from the O, the image on the disk is only 1/200 the total 
area of the disk, the amount of scattered light reaching the neigh- 
boring retina must have been vanishingly small. Moreover, since 
the haze from this stimulus did not fill the blind-spot we should 
have to assume that a subliminal stimulus at the edges of the 
blind-spot can cause a supraliminal effect in the central region. 
This difficulty entails another—that of eccentric projection— 
for if surrounding rod-cone elements are responsible for what is 
seen in the blind-spot, why is not the stimulus localized on the 
edges as it is when we actually stimulate the boundaries of the 
blind-spot with an annulus of light? Furthermore, if the amount 
of scattering, diffusion and irradiation demanded by theory ex- 
isted no clear vision would at all be possible. We showed that 
there was no sudden increase of scattering at the boundaries of 
the blind-spot and little visible scattering elsewhere. In fact 
Donders® was unable to detect any scattering around the edges 
of the blind-spot when he observed the optic disk through an 
ophthalmoscope when the image was 1/20 the diameter of the 
disk, while here we have worked with a ratio that was far greater, 
1/200! 

Another way of approaching the problem of scattering and 
blur circles is to calculate them, measure the amount present in 
actual observation, and then see if there is sufficient to account for 
our results. Volkmann™ found that threads 0.0445 mm. were 
indistinguishable as two at such distance that the blur circles 
must have been 0.0035 mm. The image on the retina was 0.0019 
mm. and hence the total image on the retina could have been not 
more than 0.0054 mm. Pope, another investigator working 


8:Donders, cited by Helmholtz, op. cit., II, 27. 
538A, W. Volkmann, cited by Helmholtz, op. cit., I, 121 ff. 
5B. A. Pope, Beitrage zur Optik des Auges, Arch. f. Ophth., 9, 1863, 60-64. 
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with Helmholtz, found the irradiation circles to be 0.015 mm. by 
experiment. Listing® has given 0.022 mm. as the value of the 
diameter of a blur circle of a point 3 meters away from the eye, 
assuming the pupil to be 4 mm. wide. Using a somewhat different 
formula I have calculated the size of the blur circles from a point 
at 3-4 meters and find the value given by Listing to include the 
third maximum band. If we take the first maximum to be 1, 
then the following bands have the following values:” 2=0.01745; 
3 =0.00415; 4=0.00165; 5=0.00078. It is very evident that the 
weakest stimulus seen in the blind-spot would not give rise to 
a noticeable sensation beyond the third band. Taking the value 
of 0.022 mm. as the limit of visibility of scattered light due to 
blur circles or diffraction bands and adding it to the size of the 
image of a 2 mm. stimulus at 4 meters, 0.005, we get the value 
of 0.027 mm. as the total effective image on the retina. Since 
the average blind-spot is 1.50 mm. we find we have a nearly 60- 
fold margin of safety before the edge of the blind-spot is reached. 
Here both theory and fact agree: the small amount of scattering 
is attested by observations in which it was reported that the phe- 
nomena seen do not extend to the boundaries of the blind-spot 
with the smallest and weakest stimuli used. 

That there is diffusion or scattering through the optic nerve 
head we do not deny. The nature of the phenomena observed 
in the blind-spot show it to be true. Since the diameter of the 
cones is given as from 0.002 to 0.004 mm. our 2 mm. stimulus at 
a distance of 4 meters would be large enough to affect only one 
and at the most two cones. Since a stimulus of this size does not 
appear as a point even in direct vision we should not expect it 
to in the blind-spot. But the amount of haze is so much greater in 


Listing, cited by Helmholtz, op. cit., I, 132. 
In my calculation the value of the me og visible wave-length was used 


because the diffraction bands are greater for the red end of the spectrum than for 
the violet. The formula used for the size of the diffraction bands, assuming a 
point source and that the pupil is a circular aperture, is as follows: 4 X = 


d Mv-1.2 where X is the total diameter of the diffraction band; d is 15.5 mm. 


or the distance from the nodal point of the eye to the retina; \ is the dominant 
wave-length of the source; M is the desired maximum (for 1st, M = 1, 2nd, 
M = 2, etc.); W is the width of the pupil and 1.2 is a constant used in the treat- 
ment of circular apertures. It will be seen that in order to get the diameter of 
the diffraction bands, i.e. the distance on either side of the center, we must 
double the right-hand member of the equation, hence the use of % X in the 
left-hand member. 
57Taken from Verdet’s Lecons d’optique physique, 1869, I, 306. 
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the blind-spot than elsewhere that one is inclined to ascribe it to 
the fact that end-organs are lacking and the optic nerve fibers act 
as refracting substances which tend to scatter the light within the 
optic nerve head. 

We have therefore three possible ways of explaining our results. 

(A) What is seen is due to adjoining retinal elements. The 
following facts, in summary, argue against this conclusion: 

(1) Some form perception exists in the blind-spot, vague, 
yet present. 

(2) The least perceptible color seen in it is different from the 
faintest color seen on the edges. 

(3) Two colors may be seen simultaneously within the blind- 
spot. 

(4) When an annulus of color surrounds the blind-spot and 
another is exposed inside, neither affects the other, often a black 
space between is visible. 

(6) Stimuli nearest the edges of the blind-spot are not the 
most effective in the blind-spot. 

(6) Apparent movement may be seen in the blind-spot 
under conditions highly unfavorable to its perception outside. 

(7) When the light seen in the blind-spot does not extend to 
the edges we should have to assume that subliminal stimuli out- 
side the blind-spot can give rise to supraliminal effects inside. 

(8) Characteristic peculiarities are found in the blind-spot 
which do not hold for other parts of the eye: peculiar changes in 
color with prolonged observation, rapid adaptation, and the like. 

(9) Light does not take on the form of the blind-spot when 
only adjacent parts of the retina are illuminated while the blind- 
spot is kept dark. 

(10) When the conditions demanded by the scattering and 
irradiation theories are fulfilled characteristic phenomena ob- 
served in the blind-spot are lacking which are present during 
direct stimulation. 

(B) The second hypothesis is that there may be end-organs 
in the optic nerve head which are responsible for the phenomena 
seen. The fact that several cores are seen when the stimulus has 
several centers of brightness or several stimuli are exposed simul- 
taneously may argue in this direction. If such organs exist it is 
my opinion that they must be rudimentary and probably do not 
number over a few score at the most. It is to be hoped that 
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histologists will investigate again this region of the eye since little 
is actually known concerning this point. 

(C) The third hypothesis, that the optic nerve fibers are 
responding directly to light, fits in with a rapidly growing belief 
that all protoplasm is affected by light, that the phenomena of 
excitation and transmission of nerve impulses are electrical in 
nature, and should receive serious consideration. If it is re- 
membered that definite receptors for smell, thermal, and the 
numerous cutaneous qualities have never been found the rod-cone 
hypothesis will not seem so sacrosanct. 

But since we would expect the regions supplied by the nerve 
fibres to be seen if they respond to direct stimulation by light in 
accordance with the well-known principle of eccentric projection 
or constancy of place coefficients, it seems hard to believe that 
the fibres themselves are responsible for vision with the optic disk. 
We have pointed out above that this same objection applies to 
the hypothesis that adjacent retinal elements are responsible for 
what is observed in the blind-spot, because by the same token the 
stimulation should be referred to the places actually responsive to 
light and not to the optic disk. An objection which is equally 
fatal to the theories which do not allow the optic disk the func- 
tional réle we have claimed for it does not help us in finding a 
positive explanation for vision there, even though it helps dispose 
of irradiation and allied hypotheses. We therefore find ourselves 
favoring the second of our hypotheses (B) which does provide the 
necessary mechanism in the optic disk without being open to the 
charge of violating the accepted principle of eccentric projection. 
If, however, stimulation along nerve trunks is not always referred 
to the regions supplied by the ends of the fibres, we should favor 
the (C) hypothesis. 
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AN EXPERIMENTAL STUDY OF FOUR CASES OF 
COLOR-BLINDNESS 


By Maravenrite A. Snyper, New York University 


Most investigations which have been made with color-blind 
subjects have been largely of a clinical nature, for the purpose 
either of classifying the type or degree of color defect or to stand- 
ardize color tests. The present study was undertaken with the 
view of submitting color-blind subjects to a group of standard 
visual experiments and comparing the results with those of normal 


subjects.! 

Subjects. Four color-blind Ss (A, B, C, and D) and two nor- 
mal Ss (EZ and F) were used. The color-blind Ss were students 
of General Psychology who reported in class or to their respective 
instructors that they were color-blind. Since the color condition 
of A and B is quite unusual, a detailed account of preliminary 
tests used with them is given. 


Preliminary tests with A. A claimed to be totally color-blind. One of his 
grandfathers is said to have been color-blind, and a younger brother is said to 
have the same sort of color defect as A. Since early childhood A has been 
handicapped by poor vision and has worn very thick glasses. He says that he 
can see better in artificial light and prefers to do most of his reading at night 
under artificial light. He has a peculiar kind of nystagmus, the eyes twitching 
and moving together to the right and a little downward on a line at an angle 
of approximately 60° from the horizontal. When in a reflective state, the eyes 
are noticed to be in this turned position, which seems to indicate that it is their 
natural resting position. When he is looking directly at an object the pupils 
are turned upwards and slightly outwards, which leads one to conclude that the 
point of most distinct vision lies somewhat above the fovea and towards the 
outside of the eye. 

A’s visual acuity as tested by the Lowell test type is 1/10 for each eye, the 
left eye being a little stronger, since the test type appears clearer to that eye. 
This defect is not corrected by the glasses he wears. Both eyes were found to 
be slightly astigmatic. The field of distinct vision, which was plotted by a 
modified form of campimeter, is much smaller than normal. Foveal blindness 
could not be detected, though there is indistinctness in that area. 


*Accepied for publication November 8, 1928. 
1The experimental work was carried on in the Psychological Laboratory of 
the University of Pittsburgh, with the assistance of G. J. and A. M. Snyder. 
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Five color tests were used and the results are recorded in some detail. 
All this work, as well as the experimental work described later, was done in 
a dark room under an artificial daylight lamp with simplex multiplex reflector. 

(1) Sorting of colored splints. For this test a set of Milton-Bradley Co.’s 
kindergarten splints was used. The splints were mixed up in a heap on the 
table and A was directed to arrange them in piles according to color. A spent 
a long time at the task, and when he had finished had 11 piles, each of which 
he was then asked to match with a gray in the Hering booklet of 50 shaded 
grays. His grouping was as follows: 


Kind of splints Gray to match 


4 yellow 

5 

1 blue 

I orange 

7 blue, 3 green, I orange 
3 orange, 2 green, 1 blue 
4 green, I orange 

5 orange, I green, 1 blue, 1 purple 
5 purple, 1 green 

5 purple 

II re 


(2) Holmgren wool test. A set of Holmgren worsteds consisting of the 
first 40 skeins of the original test was used with the standard directions. The 
following matches were made. To match test skein A (green), A picked out 
14 (green), 28 (rose), and confusion colors 5 (pinkish gray) and 29 (light blue). 
To match skein B (rose), he picked out 28, 30(rose), and confusion colors 7 
(brownish gray), 9 (gray) and 13 (dull yellow). To match skein C (red), he 
picked out 32, 34, 36, 38, 40 (red) and confusion color 37 (reddish brown). Red to 
A appears very dark, almost black, so that in matching the red skein he picked 
out the darkest ones. 

(3) Color equation test. A color-mixer with two sizes of paper disks was 
used. The matches made were: 


Outside disk Inside disk 
Blue Yellow (125°) and Black (235°) 
Orange-red Green (16°) and Black (344°) 
Orange-red (2383°) and White (1213°) Green (1973°) and Black (1623°) 


(4) Nagel card test. This test was very difficult for A and his responses 
were little more than guesses. None of the spots seemed to him dark enough 
for red. The brown spots on card 12 appeared closest to what he called red. 
To the questions which involved picking out cards with one color only, A re- 
plied that there were no cards containing just one color. 

(6) Sorting of color cards and gray cards. A set of 164 cards (I X 2} in.) 
was used. These consisted of the 90 Bradley educational colored papers and 
10 grays of the Milton-Bradley sample booklet, 48 of the 50 Hering grays, 
14 miscellaneous colors and 2 velvet blacks. The cards were scattered pro- 
miscuously on a sheet of white cardboard and the S was directed to put to- 
gether the cards that looked exactly alike. A arranged the cards into 21 groups 
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of such promiscuous grouping of colors that it was evident that in this test 
as in the preceding ones his matches were made on the basis of differences in 
brightness only. 


A is, it seems safe to conclude from the results of these tests, 
totally color-blind. 


Preliminary tests with B. B reported to his instructor that he was totally 
color-blind. He suffers considerably from eye-strain which necessitates con- 
stant wearing of glasses. No peculiarities of eye-movement can be detected, 
nor is there any evidence of foveal blindness, though his visual field is very 
small. His pupils are noticeably small. Visual acuity is 1/10 for the left eye 
and 3/20 for the right eye, without glasses, and 5/20 for left eye and 8/20 for 
right eye with glasses. There is no evidence of astigmatism. In the perimeter 
test it was discovered that B had a nearly circular band of blindness in each eye. 
The shaded areas of the accompanying diagram, Fig. 1, are areas of total blind- 


Rieut Eye 
Fig. 1. SHow1neG B’s or VIsIOon 
The shaded areas are areas of total blindness 


B was put through the same color tests as A. From the beginning it was 
noticed that B’s discrimination of brightness was poor and that he reacted 
differently towards blue than towards any other color. 

(1) Sorting of colored splints. B was able to make but 2 piles: one con- 
taining yellow and orange and the other containing the 4 remaining colors. 

(2) Holmgren wool test. The large set of worsteds was used with 2 additional 
test skeins, a blue-green (3) and a yellow (Y). In making his matches B mixed 
up the various colors without regard to hue with one exception, the group 
picked out to match the blue-green was more uniform. Most of the colors 
placed in this group were bluish: 22, 24, 30, 72, 74, 76, 78 (blue); 28, 70, 84, 86, 
88, 90, 92 (violet); 21, 25, 79 (rose); 7, 11, 41, 57, 77 (green). 
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(3) Color equation test. Since B’s discrimination of brightness is very 
poor, the proportion of black or white in a mixture cannot be considered as 
definite. The equations he made were: 


Outside disk Inside disk 
Orange-red (270°) and White (90°) Green (356°) and Black (4°) 
Blue Yellow (61°) and Black (299°) 
Black (263°) and White (97°) Green 
Black (213°) and White (147°) Yellow 


For the second equation, B said, ‘“They are of the same brightness, but look 
like two different colors.’”” He was unable to name the colors. 

(4) Nagel card test. The spots on the Nagel cards all looked the same to 
B, due to poor brightness discrimination as well as to color-blindness. 

(6) Sorting of color cards and gray cards. B made a very promiscuous 
grouping of these cards into 10 groups. It was noted that whereas all other 
groups contained a mixture of various colors, all those placed in Group III con- 
tained some blue. The cards in this group were picked out from the others 
very quickly. 

(6) Special test for blue. In order to determine whether or not B could see 
blue, a special test was devised. A set of cards consisting of the 50 Hering 
grays and the 18 standard colors of the Bradley series was scattered on a sheet 
of white cardboard. B was asked to put into groups those that looked alike. 
The following 5 groups were made, ranging from lightest to darkest. 

Group I: Grays 1, 2, 3, 4, 5, 6, 8; orange-red; red-orange; orange; yellow- 
orange; orange-yellow; yellow; green-yellow; yellow-green. These he called 
white. 

Group II: Green-blue; blue; violet-blue; blue-violet; violet. 

Group III: Grays 7, 9, 10, 11, 12, 13, 14, 15, 19, 22, 23, 24, 28; blue-green; 
red-violet. 

Group IV: Grays 16, 17, 18, 20, 21, 25, 26, 27, 29, 30, 32, 33, 34, 35, 36, 37, 
38, 39, 40; violet-red; red; green. 
om V: Grays 31, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50. These he called 

It can be noticed that all the cards of Group II are bluish in hue. B said 
this group was of the same brightness as the third group and yet the two groups 
could not be classified together, for there was something different which char- 
acterized Group II. He was not sure whether the cards of Group II were 
colored or not and when asked to guess their color was unwilling to do so, but 
finally said, ‘“They may be blue—or green—or red. I don’t know.” 

B was told that these cards which he called “different”? were blues. Then 
all the cards of all 5 groups were mixed up again. B was directed, “Pick out 
all the blues.”” Without hesitation, B went through the 68 cards and picked 
out the same five bluish cards. 


B’s condition can be described by saying that he is red-green 
blind. He is able to distinguish blue and, while unable to dis- 
tinguish yellow, his difficulty here may be due to the fact that it 
is so light as to be confused with white. 
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C’s visual acuity for both eyes is 1/10 without glasses and 7/10 
with glasses. Both eyes are astigmatic. The color tests indicate 
that he is red-green blind. His chief difficulty seems to be with 
light red, light green and gray, which he is unable to tell apart. 
There is also some confusion between red and brown. He seems 
uncertain as to what gray is and seldom uses the term. Usually 
grays are called either red or green by him. 

D’s visual acuity without glasses is 5/10 for both eyes. With 
glasses it is 6/10 for the left eye and 8/10 for the right eye. He is 
not astigmatic. He wears glasses only when doing close work. 
An operation on the left eye several years ago left this eye weaker 
than the right eye. The color tests indicate red-green blindness 
with especial difficulty in distinguishing green, particularly dark 
green which he confuses with gray. His maternal grandfather 
was color-blind. 

E and F, instructors in the Department of Psychology, were 
used as control Ss. £’s visual acuity is 1.5 for the left eye and 
5/10 for the right eye without glasses, and 1.5 for left eye and 1.2 
for right eye with glasses. F’s acuity is 5/10 for left eye and 6/10 
for right eye without glasses, and 1.5 for left eye and 8/10 for 
right eye with glasses. Both E and F are slightly astigmatic, 
which condition is not corrected to any great degree by the glasses 
they are wearing. Both passed all the color tests used. 


I. Bricutness DiscRIMINATION 
The object of this experiment was to determine difference 
limens for brightness. 


Procedure. Use was made of a color-mixer, one black and one white Brad- 
ley disk each 19} cm. in diam., one black and one white Bradley disk each 114 
cm. in diam. and a screen to conceal the mixer while adjustments were being 
made and until the mixer was going at the proper speed. The Mazda lamp was 
placed 39 cm. from the faces of the disks to properly illuminate them while 
they were being exposed to S. To avoid the light reflection that so often inter- 
feres with observing a flat surface, it was found best to have the Ss observe the 
rotating disks from an angle of 50° with the plane of the surface of the disks. 
The Ss made their observations from a distance of 2} m. 

The method of constant stimulus differences was used.2 The two sets of 
disks were placed on the mixer together. The inside disks were arranged so 
as to expose 20° of white, and were kept this way as a standard while variations 
in the proprtions of white and black were made in the outside disks. Then the 


2E. B. Titchener, Experimental Psychology, Quantitative, Student’s Manual, 
1905, 92 ff. 
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standard of 60° white was used, and later one of 180° white. After adjustment 
was made the disks were set rotating. The S was directed, ‘You are to tell 
me whether the outside gray is darker, the same as, or lighter than the inside 
gray.” ‘Ready’ and ‘Now’ signals were given. At the signal, ‘Now,’ the 
screen was removed. 

A preliminary series was taken for each position to determine the limits to 
be used. Five comparison stimuli were chosen at equal intervals around each 
standard. These 5 included the standard and at least one above and one below, 
the standard not necessarily being the middle value. The main part of the 
experiment consisted in going through 25 series of judgments for each of the 3 
positions, a series consisting of 5 judgments—one for each comparison stimulus. 
The order in which these were given was determined entirely by chance. 

It was necessary to use a different method with B. His judgments varied 
from day to day to such an extent that comparison stimuli chosen one day 
would not hold the next day. Twice new values were chosen and the experi- 
ment was begun again, B, however, not being aware of this. It was necessary 
finally to use the method of limits. A reading was taken at a place so far below 
the standard that the judgment would probably be ‘darker’ (if such a point 
could be obtained). Readings were then taken at regular intervals until the 
judgment ‘same’ was given. Then a set of readings was taken, beginning at a 
place where the judgment would probably be ‘same’ and continuing until the 
judgment ‘darker’ was given. The procedure was repeated 9 times. The 
same method was used to determine the upper limits. Lower limits could not 
be reached for 20° and 60°, nor an upper limit for 180°. B’s results, therefore, 
cannot be directly compared with the others. It can only be said that he falls 
far lower in brightness discrimination. 

In computing the results, the percentages of judgments ‘darker’ and 
‘lighter’ were found, and the difference limens obtained by means of the phi- 
gamma hypothesis, using Urban’s tables* and Rich’s checking tables.‘ The 
upper limen for 180° for F had to be computed by means of Spearman’s method 
of Right and Wrong Cases,’ since there was but one comparison stimulus for 
which a percentage different from o or 100 was obtained. 


Results. Table I shows the lower, upper, and average limens 
(L) for each position, together with their respective measures of 
precision (h). Comparison of Ss can be made on the basis of the 
average of the relative difference limens for each position, the 
relative difference limen (RDL) being the average difference limen 
divided by the standard. Thus at 20°, the RDL is the average 
limen divided by 20. 


3E. G. Boring, Urban’s tables and the method of constant stimuli, this 
JOURNAL, 28, 1917, 280-293. 

4G. J. Rich, A checking table for the method of constant stimuli, this 
JOURNAL, 29, 1918, 120-121. 

5C, Spearman, The method of ‘Right and Wrong Cases,’ (constant stimuli) 
without Gauss’s formulae, Brit. J. Psychol., 2, 1908, 227-242. 
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TABLE I 


SHow1na, ror Every S, tHe Lower, Upper, AND AvERAGE Ls ror EvERY 
POSITION OF THE SranpaRD TOGETHER WITH THEIR RESPECTIVE 
MEASURES OF PRECISION 

20° 60° 180° 

Lower | Up. |Ave.||Lower |Upper |Ave. Upper | Ave. 

—o.88| 0.45 |2.86 3.07 {18.05 
0.52| 0.53 0.06 

0.06 0.04 0.10 


135.92 
0.03 
2.80 2.26 0.90 


0.86)| —3 .63 2.88 ‘ 7.69 
0.51 
0.04 0.04 


0.23 
0.03 0.01 


0.70) 0.58 0.33 
0.02 0.06 


—0.57| 0.37|0.47||—0.07| 3.35 2.45 
0.72] 0. 0.41| 0.54 
0.02 0.02 0.01 


In Table II the Ss are arranged in order of their ability to 
discriminate brightness on the basis of the average of the relative 
difference limens. In this table is also given the interval of un- 
certainty for each S at each position. The interval of uncertainty 
is the difference between the upper and lower limens. 


TABLE II 
SHOWING THE Ss’ RevaTive DirFeRENcE Limens (RDL) WITH 
Tueir INTERVALS OF UNCERTAINTY AT Every PosiITION OF THE STANDARD 
INTERVAL OF UNCERTAINTY AT 
Ave. RDL 60° 


0.0193 
0.0219 
0.0372 


0.0444 
0.0723 


1.9890 


It will be seen that D stands first in this table, but his results 
are influenced by the attitude he took. He seldom gave the 
judgment ‘same,’ and hence has a small interval of uncertainty 


L 56.00 
Bi h 0.10 
RDL 
0.26 
0.39] 0.44 
RDL 
L 0.76] 0.79 
Di 1.21] 0.86 
RDL 
E| h 
RDL 
h 
RDL 
‘ D 0.03 0.12 1.72 
F 1.56 3-42 4-90 
E 0.95 2.15 1.98 
} Cc 1.50 1.80 
a, A 2.76 5-71 36.10 
B — — 
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and low limens. A stands next to B in poor discrimination, 
though he is much closer to the normal. The two normal Ss are 
rather close together in second and third place respectively. C’s 
results are lower than those of the normal Ss. 

If we assume that individuals of normal color vision can dis- 
criminate 700 shades of gray, as some maintain,* the number of 
grays distinguished by each S can be determined by comparing 
average difference limens. The number of grays that one can 
discriminate is in inverse ratio to his relative difference limen, 
since the RDL is an indirect measure of his ability to discriminate 
RDL (normal) x 

= —- The 
RDL (tested S) 700 
RDL of the normal is taken as the average of the RDL’s of E and 
F, that is 0.0296. Since the results of a larger number of normal Ss 
should have been used to obtain such an average, the conclusions 
drawn are merely approximations. On this assumption, however, 
the number of grays distinguished by A is found to be 287; by B, 
10; and by C, 467. D’s discrimination is considered normal. 


brightness. We can then say that 


II. Brigutness CoNTRAST 

The purpose in this experiment was to measure the contrast 
effect of a white background and then of a black background on a 
gray ring. 

Procedure. Observations were made under the same conditions as in 
Section I. Two color-mixers were used and black and white Bradley disks. 
The work consisted of two parts. In the first part, a large white disk was 
placed on color-mixer A. Next, a black disk (133 cm. in diam.) in conjunction 
with a white disk of the same size was put on the mixer and adjusted to expose 
80° of white. On top of these a white disk (93 cm. in diam.) was placed. It 
will be understood that when the mixer was in movement there was a gray ring 
on a solid background of white. In the second part of the experiment the large 
white disk and small white disk were replaced by black disks of the same size. 
Thus the gray ring was on a solid black background. 

On color-mixer B a set consisting of a large black and a large white disk 
(193 cm.) was used. The two disks were adjusted so as to expose 80° white 
at the beginning of the experiment, the amount of white to be varied after the 
experiment had begun, to match the gray ring on color-mixer A, according to 
the judgment of S. 

S was directed “‘to tell whether the gray of this disk (pointing to B) is darker, 
the same as, or lighter than the gray ring on the other mixer.’’ The disks on 


6. B. Titchener, A Textbook of Psychology, 1910, 558; O. Kilpe, Outlines 
of Psychology, 1895, 462; R. P. Angier, Color-blindness, Cyclopedia of Edu- 
cation, 2, I9II, 122. 
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mixer B were changed until the gray seemed to be of the same brightness as the 
gray of the ring. Five comparison stimuli were chosen by means of a pre- 
liminary experiment. The method of procedure and of computing results was 
the same as in the first experiment, except that only 20 series of judgments were 
taken. 


Results. Table III gives the results obtained. The limens 
here are given in number of degrees instead of as differences from 
a standard. Since there is no standard from which to work and 
since the arbitrary standard chosen in computation was different for 
each S, comparison was made on the basis of the points of sub- 
jective equality. The point of subjective equality is defined by 
Urban as the point at which the probability of one of two judg- 
ments equals the probability of the other judgment. In this ex- 
periment it is the point where the probability of the judgment 
‘darker’ equals the probability of the judgment ‘lighter.’ This 
hu Lu + hy Li 


hu + hy 


TABLE III 


SHOWING THE Errect oF ConTRAST ON THE Ls, ON THE INTERVALS OF 
UNCERTAINTY, AND ON THE PoInts OF SUBJECTIVE EQUALITY 


S L Interval of Point of Sub- 
Lower Upper Uncertainty 
ity 
33-38 45.68 12.30 38.57 
129.55 

26.68 46.79 32.11 
14.28 16.13 15.13 

20.49 29.72 .069 26.04 
8.68 26.45 20.17 


82.29 117.69 89.29 
24.06 
154.98 169.64 .029 166.68 
240.97 240.97 .025 240.97 
155.89 183.56 .031 167.68 
189.01 251.31 -025 230.58 


point is given by the value 


White 
Background 


Black 
Background 


Table IV gives the same results in another form. The Ss are 
arranged in order of the contrast effect obtained, the contrast ef- 
fect being considered the difference between the standard (i.e. 
the 80° white in the gray ring) and the point of subjective equality. 

It will be noticed that the order of Ss here is the same as in 
Table II, which seems to indicate that there is some relation be- 
tween ability to discriminate brightness and ability to get a de- 
cided contrast effect. 
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B’s results, again, cannot be compared with those of the others, since 
neither the lower limen with the white background nor the upper limen with 
the black background could be reached. The interval of uncertainty with the 
white background lies between 129.55° white and some point darker than the 
black used. With the black background the interval of uncertainty lies be- 
tween 24.06° white and a point lighter than the white used. B was able to see 
the difference between the darkest and the lightest points used, but with a white 
background no point could be reached that seemed to him darker than the gray 
of the ring, while with a black background no point could be reached that 
seemed to him to be lighter than the gray of the ring. All that can be said in 
reference to B is that he does obtain a contrast effect, though a direct measure 
of it could not be obtained. 


TABLE IV 


SHOWING THE ConTRAST EFFECT FOR THE DIFFERENT SS 
White Background Black Background 
64.87 
59.83 
53-96 
47 
41.43 


An examination of Table IV shows that the order is the same 
for both the white and black backgrounds, but whereas with the 
white background each S differs from the one following by prac- 
tically 6°, with the black background the differences are very 
great. In the latter case, D and F stand very close together at 
160.97° and 150.58° respectively. Then there is a large interval 
between F and E. The contrast effects of F and C are very close, 
differing by but 1°. There is another big difference between. C 
and A. A’s contrast effect is but 9.29°, his gray being made but 
9.29° lighter by the black background. With the white back- 
ground, though he obtained the least contrast effect of all the Ss, 
it was between 4 and 5s times greater than this—41.43°. 


III. Rewative Bricutness or CoLors 


Here the object was to determine the brightness values of the 
four colors (red, yellow, green, and blue) and to find the com- 
parative order of brightness of these colors for each S. 


Procedure. One color-mixer was used with colored disks (19} cm. in diam.), 
the colors being the standard red, yellow, green, and blue of the Bradley series, 
and a set of adjustable black and white Bradley disks (113 cm. in diam.). The 
Ss observed as in the first two experiments. The directions given were, “You 
are to tell me whether the color is darker, lighter, or of the same brightness as 
the gray.’”” Twenty series of judgments were made for each color. 
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Results. The results are shown in Table V. The upper limens 
for green and yellow could not be found for B. From a few judg- 
ments which he gave as ‘lighter,’ the upper limen for red was found 
to be theoretically 47.02° from 350°. The data that can be ob- 
tained for B by means of the method used are not as reliable as 
those for the other Ss. For instance, in the case of red and blue, 
the upper and lower measures of precision (h) differ so greatly 
that the points of subjective equality are quite different when 
computed by the formula than when taken as the mid-point of the 
interval of uncertainty. 


TABLE V 


SHow1ne THE RELATIVE BRIGHTNESS OF THE VARIOUS COLORS FOR 
THE DiFFERENT Ss 
Color S L h of of 
neertainty Subjective 
Lower Upper Lower Upper Equality 
(6.50) (5.68) -332 .316 0.82 (6.10) 
-181 .O12 287.02 35-54 
9.81 25.83 
-145 . 5.82 47.24 
39.36 
39.02 


148.82 
- 108 

.059 . : 94.51 
108.75 
. 119.66 
-126 .066 98.36 


885 5. 86.14 
. 35.31 
38.31 
23.07 
-050 
-134 


.080 
-035 
.021 
-043 
-074 
.041 


A 
B 
Cc 
D 
E 
F 

A 
B 
Cc 
D 
E 
F 

A 
B 
Cc 
D 
E 
F 

A 
B 
Cc 
D 
E 
F 


Red is such a dark color for A that it was darker than the 
black used. His readings for red were taken, therefore, in com- 
parison with velvet black. 

It is to be noticed that A’s red is very much darker than the 
average. His yellow is 32.66° darker than the average and 80.72° 
darker than the normal S’s yellow. His green, on the other hand, 


‘ 146.96 150.88 
20.17 
85.88 105.27 
a Green 106.09 113.36 
113.95 123.48 
93-79 107.06 
4 83.47 88.55 
13.87 184.60 
a Blue 34.88 44.03 
22.22 23.84 
30.44 40.63 
30.45 41.89 
234.01 237.31 .086 3.30 235.71 
27.46 
76.41 132.15 55-74 96.45 
Yellow 331.18 350.96 .039 19.78 340.57 
315-47 343-43 +033 27 .96 314.99 
al 305.00 332.51 .036 27.5% 317.87 
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is lighter than the average by 43.5°. These results are typical 
of rod vision, and are, therefore, what one would expect in a case 
of total color-blindness. 

The two normal Ss stand very close together in their judgments 
of brightness for all colors. C and D show the greatest differences. 
C sees red as darker than the normal Ss, D as lighter. D’s green 
is about the same as that of the normal Ss, C’s is darker. D’s 
blue is darker than the normal, C’s is lighter. C’s yellow is quite 
dark, D’s is lighter than that of the other Ss. 


IV. NeGativE AFTER-IMAGES 
The purpose of this experiment was to determine how the 
color-blind Ss differed from the normal Ss in ability to obtain 
negative after-images, 


Procedure. The after-images were projected on a neutral gray background. 
The cards (} in. X 1 in.) fixated consisted of 10 Hering grays (1, 5, 10, 15, 20, 
30, 35, 40, 45, 50) and 8 Bradley colors (red, green, yellow, blue, violet-red 
shade 1, yellow-orange, blue-green, and blue-violet shade 2). The last four 
colors were chosen because they were found to be the nearest matches for the 
after-images of the first four. 

The cards were arranged about the gray background. After getting an 
after-image for one of the cards (which was placed in the center), S pointed 
out from the other cards the one that most closely resembled his after-image. 
In the color series, if none of the cards of the series matched the after-image, 
S was allowed to select the nearest match from the colors in the Bradley sample 
booklet. 


Results. The results are given in Table VI. A blank space 
in the table means that an after-image for this card could not be 
obtained. A dash between two numbers means that the after- 
image was between those two. The numbers refer to the grays 
and the letters to the colors. A boldface number or letter indi- 
cates that the after-image was hazy and indistinct. An asterisk 
(*) indicates that the after-image was very clear, appeared before 
the card was removed, and was persistent. 


A had considerable difficulty in getting after-images. He said that he had 
never been able to obtain negative after-images, but could get positive after- 
images very easily when he closed his eyes. The first time he tried this experi- 
ment, he was unable to get any negative images. The next day black and 
white backgrounds were used. Number 50 of the gray series (black) was first 
tried on a white background. After a fixation time of 75 sec., he saw the nega- 
tive after-image, i.e. a whiter patch on the white background. Number 1 of 
the gray series (white) was next tried on the black background. The after- 
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image was like 50, the background appearing lighter, like gray 30. After this 
practice, the regular series was begun, but he could obtain after-images for 
only the lightest and darkest cards. 


TABLE VI 


SHOWING THE QUALITY OF THE NEGATIVE AFTER-IMAGES INDUCED BY 
THE Various 


A fixation-time of 90 sec. was used for A and B, and of 60 sec. for C, D, E, and F 


Subject 
Qualit: A B Cc D E F 
Stimulus- After- After- After- After- After- After- 
Card image image image image image image 
Gray I .40 50 35 40 40 40 
Gray 5 30 35 20-30 30-35 
Gray 10 20 35-40 20 20 
Gray 15 20 15-20 15-20 
Gray 20 
Gray 30 15-20 15 
Gray 35 10 10 10-15 15 
Gray 40 5 5-10 10 10 
Gray 45 5 If 5 5 10 5 
Gray 50 10 I 
d 5-BG Bor BG-BGs1 BG-BGst BG-BGs1 
0-45 
Yellow B* BVs2 VB* BVs1* BVs1* 
Green Y or VR VRs1 RV RV 
I-5 
Blue te YO YO* OYs1* OYs1-OYs2* 
Violet-red s1 Gti G G 


Yellow-orange B* GBs1* GBs1* 
Blue-green (1) Y R VR-VRs1* VR 


Blue-violet s2 Ytr* YGs1 YGsr 
*After-image was clear, appeared before card was removed, was persistent. 


tFixation-time 150 sec. 
Boldface indicates a hazy and indistinct after-image. 


An interesting thing to note is that C had considerable difficulty to obtain 
an after-image for green, while D had most difficulty with red. These after- 
images could not be obtained until a second trial. Though D had most diffi- 
culty with red, when he did succeed in getting the after-image it was like that 
of the normal Ss, between blue-green and blue-green shade 1, while C’s after- 
image was lighter, blue-green tint 1. D’s, however, was very indistinct. D’s 
after-image for green, while rather hazy, was darker than that of the normal 
Ss. C’s was a little different, violet-red in place of red-violet. D’s after-image 
for blue-green was a red which was hazy and indistinct. Due to lack of time, 
C did not go through the last four. 


SuMMARY 


A shows every indication of being totally color-blind. Evi- 
dences of rod vision are: (1) his point of distinct vison is not at 
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the fovea; (2) his vision improves at twilight; and (3) his red and 
yellow are darker while his blue and green are lighter than nor- 
mal, which is typical of twilight vision. His brightness discrimi- 
nation is below the average and the effect of contrast much less. 
Negative after-images are rarely obtained. 

B’s color field is restricted to blue and in each eye there is a 
circular band of blindness. His brightness discrimination is very 
poor, as he can distinguish approximately but 10 shades of gray. 
He can obtain after-images for the lightest and the darkest grays 
or colors only. His results from the other experiments cannot be 
compared with those of the other Ss because of his inability to 
reach certain limits. 

C, who was found by these experiments to be partially red- 
green blind, is below normal in brightness discrimination, bright- 
ness contrast, and ability to obtain negative after-images. He 
sees all colors tried in section III darker than the normal except 
blue. 

D, the second partially red-green blind S, is normal in bright- 
ness discrimination and ability to obtain contrast. He is unable, 
however, to obtain as distinct after-images as the normal, es- 


pecially for red and green. His red and yellow are a little lighter 
than those of the normal Ss, his blue darker. 
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THE AUDITORY SENSITIVITY OF GUINEA PIGS 
By Morean Upron, Servend University 


I 
There has been considerable investigation of hearing in the 
higher vertebrates and, in spite of some very favorable evidence, 
the general impression seems to be that many of the mammals are 
able to hear noises but are deaf to tones.! 


Hunter’s work with the white rat is significant for the negative point of 
view.? In his experiment, rats were apparently unable to learn to turn in the 
appropriate direction when a tone was sounded and in the opposite direction 
when no tone was sounded. They successfully formed the habit when a hand- 
clap was substituted for the tone. Hunter concluded, therefore, that the rats 
were insensitive to tones. Barber’s work on auditory localization in the white 
rat seems to confirm Hunter, since the tones of a tuning-fork and organ-pipe 
were ignored, while noises made by tapping on wood were localized with very 
small error.* Johnson investigated the ability of dogs to discriminate between 
different tones and noises.‘ Here again we find agreement with Hunter’s con- 
clusions. Johnson’s dogs seemed to be able to discriminate tones, differing 
by an interval of a fifth, but only while the experimenter was in the room with 
the animals. Johnson himself wrote that the dogs in this experiment were no 
doubt responding to secondary cues. In a later experiment, the stimulating 
apparatus (two electrically driven tuning-forks) was placed at a considerable 
distance from the ‘stimulus-cage’ in which the dog was held. At the sound of 
certain tones the animal was released to make a choice down a corridor. At 
the sound of one tone a right-hand passage was open and the left blocked by a 
shocking-grill. At the sound of another tone the left passage was open and the 
right was closed. The results, so far as discrimination was concerned, were 
negative, for the tones evidently had not the least influence on the actions of 


*Acce mrt for publication December 14, 1928. From the Harvard Psy- 


tational Council Fellow, Laboratory of General Physiology, Har- 
niversity. 
1M. F. Wechhown The Animal Mind, 3rd ed., 1926, chap. vi, 
2W. S. Hunter, The auditory sensitivit x of the white rat P| yo Be- 
havior, 4, 1914, 215-222; 5, 1915, 312-327; The interference of auditory habits 
in the white rat, 7 7 1917, 49-65; Some notes on the auditory sensitivity 
of the white rat, Paychobiol I, sg 339-351; Further data on the auditory 
sensitivity of the white ra 34, 1927, 117-186. 
‘A. G. Barber, The 0 teeta a sound in the white rat, J. Animal Be- 
havior, of » 292-311. 
- n, ‘Audition and habit formation in the dog, Behavior Mon., 
2, 1-7 
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the animals. In this instance, the writer suggests that the problem involved 
complex relations of an order far beyond the dog’s capacity. The possibility 
that the dogs did not discriminate because the tones were so nearly alike led 
to the setting of a new experiment. Release from the stimulus-cage at the 
sound of a tone was to be associated with a left turn to a food-compartment, and 
release from the stimulus-cage when no tone was sounded was to be associated 
with a right turn to a food-compartment. The results furnished no evidence 
to show that the animals could discriminate between the two situations. When 
two electric buzzers of different sound-characteristics were substituted for the 
tuning-forks and placed so that each was directly over one of the food-recept- 
acles, the dogs soon formed the habit of going toward the buzzer that had last 
been sounded. Here the responses were evidently conditioned, not upon the 
pitch difference of the buzzers, but upon the place of origin of the noise. When 
the positions of the buzzers were reversed the animals reversed their responses 
and ran toward the new positions of the buzzers. 

Several preliminary attempts to determine the ability of the guinea pig 
to respond to tones were made by the writer with the discrimination maze- 
method. These early experiments were all conducted with a simple ‘T’ maze, 
and Stern variators were used to furnish the tones. Food-boxes were placed 
in the ends of the cross-piece of the ‘T.’ The conduct of the animals was 
observed from outside the experimentation-room and extreme care was exer- 
cised to eliminate secondary cues. Responses were required of the animals 
in three different situations. The first situation involved a right turn when a 
tone was sounded and a left turn when there was no tone. Secondly, two tones 
with a frequency difference of 300 d.v./s. (500 and 800 d.v./s.) were introduced. 
A right turn was correct when one tone was sounded and a left turn was cor- 
rect when the other was sounded. The source of the tones was three feet above 
and directly over the juncture of the two parts of the maze. In the third 
situation a tone was located directly over each food box and the correct re- 
sponse was always toward the tone. Correct responses in all three situations 
were rewarded with food and incorrect responses were punished with an elec- 
tric shock. Six animals were used and they were kept 5 hours without food 
before each experimental period. Two hundred responses from each animal 
in each of the situations resulted in a nearly perfect chance distribution of 
correct and incorrect responses. The results of this investigation were there- 
fore in no way significant, due perhaps to the grossness of the response which 
must of necessity be used as an indicator of conditioning in the maze-type of 
experiment. 


It seems to the writer that the experiments cited above, in- 
cluding his own, are open to criticism on the score of method, and 
because of this fact offer no genuine evidence that animals are 
incapable of responding to tones. The experimental animal in 
each case was placed in a situation in which the auditory stimulus, 
that is to say, the tone, represented a very small part in the ex- 
ceedingly complex aggregation of stimuli making up the situation. 


5H. M. Johnson, op. cit., 44. 
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The anima! was responding not to the tone but to the food which, 
in all the experiments involving discrimination, was associated 
with every response, and even in the absence of the tone the 
animal still responded to some stimulus in the general situation 
by going toward the place where it usually found food. It is 
probably not a cause for wonder that so relatively weak a stimulus 
as a tone failed to assume a significant place in the situation within 
which the animals were reacting. 

The successful formation of the habit when noises were sub- 
stituted for tones can perhaps be explained in two ways. In the 
first place a noise is obviously a ‘larger’ stimulus than a tone. It 
is @ grosser, more compelling stimulus and makes up a relatively 
larger part of a total situation than does a tone, and therefore 
stands a greater chance of becoming a significant part of the ex- 
perimental situation. A remark by Raymond Dodge furnishes a 
second possible explanation. The articular mechanism of both 
vertebrates and invertebrates seems to be an extremely sensitive 
receptor mechanism for the apprehension of vibratory disturb- 
ances in supporting structures. Hence it is not improbable that 
the disturbances which were set up by the buzzers, hand-claps, 
and taps on a wooden stimulus board were transmitted through 
the apparatus to the animals. 

It is the writer’s opinion that in general the discrimination 
maze-method is useless for problems involving tonal discrimina- 
tion because it does not offer adequate possibility of control. It 
is impossible to eliminate from the situation other auditory stim- 
uli, visual stimuli, and the stimuli furnished by the animal’s own 
body due to hunger and other unpredictable conditions which 
may exist in the organism. The differentiating response, in any 
method, must involve the entire animal within the total situation, 
and the response will, in all cases, be a function of the total situa- 
tion as a ‘stimulus.’ It seems to be too much to expect the animal 
to ignore the preponderance of extraneous stimuli for so relatively 
small a part of the situation as a pure tone. Until the technique of 
animal experimentation is developed to such a degree that we can 
instruct the animal as to just what stimulus he is to attend to, 
as we do in the case of human subjects, the maze-method will 
furnish no results significant for the present purpose. 


As positive evidence of the ability of the higher vertebrates to apprehend 
tones, we have the findings of several Russian experimenters who worked with 
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Pavlov’s method of using the salivary reflex as an indicator of conditioning. 
Seliony, Makovsky, Boormakin and others, in several researches demonstrated 
that the dog possesses a high differential sensitivity for tones, and an upper 
limen in the neighborhood of 100,000 s.v./s.6 But the results of many of these 
investigators are vitiated by the fact that the investigators remained in the 
room with the animal during the experimental period, and might have offered 
secondary cues which served to guide the reactions of the animals. 

The results of an experiment by Anrep, however, seem to stand unambigu- 
ously as positive evidence of the dog’s ability to apprehend pure tones.? He 
used Pavlov’s method and exercised every possible control to prevent the in- 
fluence of secondary factors upon the reactions of his animals. The latter 
were placed in a sound-proof room during the experimental period and the E 
made his observations from an adjoining room. He obtained clear evidence 
of discrimination between the conditioning tone of 637.5 and another tone of 
680 d.v./s. 

The salivary reflex method has been criticized on the ground that an audi- 
tory stimulus might be strong enough to elicit a salivary reflex but too weak 
to influence the voluntary muscular system. Anrep states that he many times 
observed that the dogs upon hearing the active sound (the conditioning tone) 
attempted to reach the food plate by bringing into play the entire muscular 
system. The sounds of other tones left them quiet or evoked a negative motor 
reaction and the dogs turned their heads away from the food receptacle on 
hearing the sound. Anrep concludes that ‘‘dogs possess a full pitch discrimina- 
tion power and that if a suitable method is used it can be observed on mus- 
cular and salivary reflexes equally well.” 


II 


The method utilized in the present experiment involved con- 
ditioning guinea pigs so that they would invariably respond by a 
change in the respiratory rhythm when tones of a particular pitch 
were sounded. If such a response could be established in the 
absence of secondary cues, it would seem sensible to assume that 
pure tones are effective as stimuli in the environment of the 
guinea pig. The method afforded opportunity for the collection 
of permanent objective records of responses and the relations of 
the responses to significant stimuli; a desirable condition in any 
experiment with animals. Furthermore, very thorough control of 
the experimental situation was possible and extraneous stimu- 
lation by sound or light and such generalized factors as hunger 
were easily eliminated. 


®Reference to these three writers is to be found in Anrep’s work on pitch 
discrimination in the dog, J. Physiol., 53, 1920, 367-385. The work was done 
as a doctoral dissertation at Petrograd in 1907, 1908, and 1909. 

7G. V. Anrep, op. cit. 

8G. V. Anrep, op. cit., 385. 
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The apparatus used in the present experiment comprised the following. 

(1) The tone producing apparatus, consisting of two General Radio, Type 
213, oscillators,® with frequencies of respectively 1000 and 600 cycles; a Bosch 
small size loud-speaker, mounted in a sound-proof box; a four-cell Edison 
storage battery (5.2 volts); and a specially designed three-contact key. 

(2) The electrical stimulating apparatus, consisting of a Harvard Ap- 
paratus Company inductorium; a two-contact key; a six-cell Edison storage 
battery (7.8 volts); and two simple aluminum electrodes. 

(3) The recording apparatus, consisting of a tambour-type pneumograph 
and tambour for recording the respiration of the animal and two electrical 
markers for recording the time and duration of the shock and tone. A time 
marker furnishing one second intervals was used and all the records were taken 
on a smoked-drum kymograph. 

The first contact of the three-contact key controlled the primary of the 
oscillator; the second, the electrical marker for recording the time and duration 
of the tone; and the third was connected in series with the key controlling the 
shock, so that a break of the three-contact key would insure simultaneous 
cessation of both shock and tone. This series-connection of the two keys served 
further to prevent the animal’s being shocked without first hearing the tone. 

The first contact of the two-contact key controlled the primary of the 
inductorium, and the second the electrical marker for recording the time and 
duration of the shock. A switch was placed in the secondary of the inductorium 
and this circuit was broken when the test tone (i.e. tone without shock) was 
presented, to prevent any possibility of the animal’s being shocked by a current 
set up in the secondary of the inductorium by the field of the oscillator coils. 
An ordinary electric buzzer in the primary circuit of the inductorium served 
as a circuit breaker. This buzzer was placed in an adjoining room to eliminate 
its noise from the experimental situation. Throughout the experiment ex- 
treme care was exercised to insure silence during the experimental period. 
The keys were padded and the contacts were of the wiping type, which insured 
a silently working mechanism. The sound-proof box was raised from the 
surface of the table upon which it rested by heavy felt pads and all other 
apparatus rested on another table separated from the first one by several feet. 
The keys were fastened to a heavy board (18 X 24 X 1 in.) which was sepa- 
rated from the top of the table by a piece of felt, 1 in. thick, and approximately 
the size of the board. A distance of 3 ft. separated the inductorium from all 
other electrical apparatus. The electrical markers, padded with rubber, were 
adjusted so that they were practically noiseless in their action. The greater 
part of the experimentation was carried on at night to escape the usual dis- 
turbances that occur in a laboratory during the day. 


Ill 


Four animals ranging in age from 8-12 mo., were used in the experiment. 
An experimental animal, held in a suitable holder, was placed in the sound-proof 
box which held the loud speaker. A distance of 24 in. separated the animal 


°H. M. Halverson, Description of the audio-oscillator, this JournaL, 38, 
1927, 294-295. 
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from the source of the tone. The conditioning tone had a frequency of 600 
d.v./s. Its intensity was the lowest obtainable from the oscillator.” 

As a first step in the experiment, each animal was tested to determine 
whether presentation of the tone would be followed by a change in the re- 
corded breathing movements. Fifty tones were presented to each animal with 
haphazard spacing ranging from 10 sec. to 5 min. There was no record of 
change in the breathing of any of the animals that could in any sense be corre- 
lated with the presentation of the tones. 

With the preliminary testing concluded, the conditioning process was begun. 
Each experimental period lasted 60 min. and there were 4 of these periods 
weekly for each animal, until the conditioned response was established. The 
sound-proof box was aired every 15 min. during the 60-min. periods by opening 
the door to the animal compartment and allowing a current of air from a small 
electric fan to play into it for 1 min. After being placed in the apparatus, the 
animal was subjected to tones of short duration (lasting approximately through 
6 respiration cycles) and a shock was administered which lasted approximately 
through the last sixth of the tone. Both tone and shock were terminated 
simultaneously. The shock was not strong enough to disturb the animal greatly, 
and resulted in slight bodily movement only, caused by flexing of the rear legs to 
which the electrodes were fastened. The time between the tone-shock pre- 
sentations varied from 3 sec. to 5 min. throughout the experimental period. 
At the beginning of the experiment no change in the breathing occurred when 
the tone was sounded; but, as was to be expected, a gross change was observa- 
ble when the shock was administered, which was recorded in the breathing-curve 
as a breathing-cycle of great amplitude. Whether this wide excursion of the 
writing lever was caused by general bodily activity, due to peripheral stimu- 
lation, or to a deep inspiration, it is impossible to say. However, this point 
is not significant, since the response was uniform in nature and unambiguously 
correlated with the occurrence of the shock. Occasionally the shock was 
omitted, and the tone presented alone. Omission of the shock ranged from 
every twenty-fifth to every fiftieth tone-shock presentation. : 


Under normal experimental conditions the breathing of the 
animals was very irregular. There was wide variation in the 
amplitude of the respiration cycles as recorded in the breathing 
curve, and this irregularity of the breathing curve served as a 
background for one of the clearest indications of conditioning. 
At about the two hundred and fiftieth tone-shock presentation, 
a peculiar smoothing out of the breathing curve occurred. The 
respiration cycles correlated with the duration of the tone and pre- 
ceding the shock were equal in amplitude, whereas, in that part 
of the breathing curve not coincidental with tones, wide and con- 
stant variation of amplitude characterized the curve. After this 


The type 213 General Radio oscillator is equipped with Rage og from 
the secondary coil. The first one is the common lead and the other 3 vary 
in energy output, giving 3 discrete intensities. 
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characteristic response had once appeared, it occurred regularly 
with the sounding of the tone, both in the tone-shock presentation 
and when the tones were sounded without the shock. At the ter- 
mination of the tone the irregular breathing again set in. This 
response to the sounding of the tones, which was possibly a sort 
of conditioned inhibition, will be referred to hereafter as the ‘lul- 
laby effect.’ On several occasions the tone was sounded for 
longer periods, varying from 12 to 20 respirations. The ‘lullaby 
effect’ continued through the longer periods just as clearly and 
unambiguously as it did through the shorter periods. 


Although the ‘lullaby effect’ was regarded as clear evidence 
that the animals were responding to the tones, it seemed that 
in time some response should occur in place of the shock when 
it was left out of the presentation. This expectation was ful- 
filled, and after about the five hundredth tone-shock presentation 
what may be considered the true conditioned response appeared. 
A great increase of the amplitude of the breathing cycle correlated 
with the end of the tone, or slightly later than the occurrence of 
the shock in the tone-shock presentation, was observable in all 
the test-tone presentations (7.e. the tone presentations without the 
shock). 

It was felt that the beginning and end of a tone might have 
furnished a possible secondary cue to which the animals could have 
been responding. When the key which controlled the oscillator 
was closed the tone came on suddenly, and when the key was 
opened it ended suddenly. There was a click-like quality to this 
sudden inception and ending of the tonal stimulus. In order to 
determine the influence of this aspect of the stimulus on the re- 
sponses, the tone characteristic was eliminated and the clicks 
presented alone. To eliminate the tone the vibrating surface or 
diaphragm of the loud speaker was loaded with a small brass chain 
which hung in loops over the entire surface and the tuning fork of 
the oscillator was loaded with a piece of hard wax. This loading 
prevented any vibration of the diaphragm and the closing and 
opening of the control key resulted in two distinct though rather 
weak clicks. Fifty presentations of the clicks to each of the 4 
animals, each pair being spaced to include 6 complete respiration 
cycles, failed to elicit any recordable change in the breathing 
rhythm. 
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FIG.3 FIG.& 


A. Respiration record. B. Record of tone presentations. C. Record 
of electrical stimulations. D. Time interval, 1 sec. 


Fie. 1. Sample record of undisturbed respiration. 

Fie. 2. Note the regularity of the respiration represented by the part 
of the record coincidental with the record of the presentation of the tones. 
An inspiration of wide amplitude occurs at the cessation of the tone. 

Fig. 3. The ‘lullaby’ effect is obvious in the part of the respiration record 
coincidental with the sounding of the tones. 

Fig. 4. Presentation of the tone without the electrical stimulation is 
correlated with the ‘lullaby’ effect, which is followed by a respiration cycle of 
wide amplitude representing the true conditioned response. 
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After the conditioned response had been well established in the 
4 animals, namely by 200 tone-shock presentations after its 
initial appearance, a test was made with each of them to determine 
whether the response was specific for a particular intensity of the 
conditioning tone. The 3 intensities available with the 600- 
cycle oscillator were presented in haphazard order with and with- 
out the shock. Ten tones of each intensity were presented to each 
animal. With the 3 intensities, when the shock accompanied the 
tone, the ‘lullaby effect’ always appeared in the breathing curve. 
When the shock was left out of the presentation the ‘lullaby effect’ 
accompanied the sounding of the tone and the conditioned re- 
sponse occurred at the termination of the tone. 


TABLE I 


NuMBER OF TONE-SHOCK PRESENTATIONS PRECEDING THE APPEARANCE 
OF THE INDICATORS OF CONDITIONING IN THE Four ANIMALS 


Animal ‘Lullaby effect’ End response 
1 263 489 
2 278 512 
3 251 632 
4 238 540 


The 600-cycle oscillator was replaced by the 1ooo-cycle oscil- 
lator to determine the specificity of the conditioning as regards 
pitch. The intensity of the test tone (1000 d.v./s.) was approxi- 
mately equal to that of the conditioning tone (600 d.v./s.). Each 
animal was presented with 25 tones, 10 of which were accompanied 
by the shock, and so spaced that the periods between presenta- 
tions varied in a haphazard order from to sec. to 5 min. Except 
for the difference in frequency of the tone the conditions in this 
test were identical with those prevailing while the animals were 
being conditioned. No recordable change in the breathing of 
any of the animals was correlated with the presentations of the 
new test tone. 


SUMMARY 


The discrimination maze-method is useless for the solution of 
such problems as tonal discrimination, because it does not offer 
adequate possibility of control. Past experiments conducted by 
this method furnish no genuine evidence that animals are incapable 
of responding to pure tones. The present experiment demon- 
strates by the establishment of specific conditioned responses and 
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objective records of significant movements, that the guinea pig 
possesses a mechanism which mediates the reception of relatively 
pure tones. 

The data presented indicate that a generalized conditioned 
response to all available intensities of the conditioning frequency 
had been established. The specificity of the conditioning for a 
particular pitch is shown by the failure of the test tone of 1000 
d.v./s to elicit responses from any of the animals. 
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A MECHANICAL EXPLANATION OF THE LAW OF 
EFFECT 


By J. M. Srepuens, Turtleford, Saskatchewan, Canada 


As this paper attempts to present both the description of a 
learning machine and of a theory of learning, it might be helpful 
to insert a statement of the inter-relations between the apparatus 
and the theory. 

As a rule, when analysis has reached a certain point, synthesis 
becomes possible. As yet synthetic protoplasm has not appeared. 
Many of the current explanations of learning, however, have 
analyzed the phenomenon independently of protoplasm. In 
other words, learning has so often been explained in non-proto- 
plasmic terms, and the analysis has been carried so far that a 
non-protoplasmic synthesis would seem possible. In many cases 
learning has been analyzed into the elements of conduction 
bodies, connections and variable resistances. We have these 
elements outside of protoplasm. Consequently, if the analysis is 
valid we should be able to synthesize these elements so as to pro- 
duce non-protoplasmic learning. 

The above conception occurred to me as a means of evaluating 
those expositions of learning couched in neurological terms. This 
test of possible synthesis had, at first, only theoretical interest. 
To my surprise, however, I found that some of the analyses pre- 
sented startling possibilities of mechanical synthesis. Of course 
modifications were necessary, so the theories had to be slightly 
altered or at least differently emphasized, before they could be 
applied to this particular attempt. 

I have given the description of the machine first and then tried 
to point out the principles of its operation. Following this, I 
have stated the theory in more physiological terms—ignoring 
for the time the older theories of which it is an adaptation. I 
have then tried to indicate the theories from which the present 
conception was generated, (through the medium of the synthetic 
test) and to point out the modifications. 


*Accepted for publication January 10, 1929. 
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Confusion may be prevented by reference to some points 
which might be considered departures from the traditional dis- 
cussion. I have had to narrow the conception of the S-R bond, 
especially of the R. Here I have had to consider that a movement 
which reaches a certain point is distinct from one which reaches 
a different point. Thus, in the case of the classical baby reaching 
for the classical orange, R; and Re might both indicate reaching 
‘for’ the orange, but would still be considered here as separate 
movements unless, in each case, the hand was placed in exactly 
the same position with reference to the body. It will be seen that 
this conception is necessary in the case of the machine. 

In addition to the above limitation, the idea of random move- 
ments had to be dropped. I could not plan a machine capable 
of producing random movements, though it would be easy to 
construct a machine which appeared to move at random. Hence 
I was forced to provide a means whereby a machine could achieve 
the same results with ‘determined’ movements. To be consistent 
I have applied this explanation to animate learning. 

This application has been adhered to throughout. I have 
tried to use no explanation of animate learning which could not 
be considered to work in a machine. I have considered proto- 
plasmic organisms as very complicated machines and nothing 
further. 


Tue MAcHINE 


The machine is shown in Fig. 1. Suppose a finger is placed on the wire A, 
pressing this wire into contact with the bare wire of the cage. A current will 
pass from the cage to A, down to Y, along the wire indicated by ---------- 
through battery D to L, to J, to R, along the wire indicated by ‘’’’’’’’’’"’ 
to M, through M and to the cage at F:. This will make a complete circuit 
around Magnet M which will be energized. This would attract the cube B 
with its system of bars toward M and Bz would hit the finger which presses 
on A. As the machine was designed to learn to hit the disturbing finger no 
learning is necessary in this case. 

Suppose the finger is moved and is placed on C, pressing this wire into 
contact with the cage. Thus a current will pass from the cage to C along the 
wire-- -------- through battery D to L, to J, to R, along the wire’’’’’’’’’’ 
to M, to the cage, thus completing the circuit. Again M will be energized and B 
with its bars will move toward M. Now, however, there is no finger 
at A to stop the movement of B, and the bar B: will hit the bare wire of the cage. 
This completes a new circuit. We can trace this new circuit from Bz to the cage, 
from the leg F; of the cage, along the wire —— - - -: ——-- - - through battery E 
around magnet P to T and back to Bz, making a complete circuit around P and 
energizing it. When P becomes a magnet it will attract the needle switch 
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J towards its (J’s) zenith. The momentum of J, however, will carry it slightly 
past the zenith. Meanwhile when J left the terminal R the circuit around M 
would be broken, M would lose its energy, B would fall away from the cage 
breaking the circuit around P. P would lose its energy and J would fall on 
the terminal U, as the momentum has carried it to that side of its zenith. 


Fig. 1 
Tae MacHINE 
The Cage is shown between A and C. This consists of a quadrilateral of in- 
sulated wire. The insulation is removed at Aand C. There is a clear electrical 
circuit from any part of the cage to any other part. 


1To insure that J will be pulled past its zenith before P loses its energy, I 
have found it necessary to complicate J by mounting a light com needle 
and a light cnmnee wire independently on L so that each is attached at one end 
by a unive joint to L and the other end swings freely between R and U. 
The wire and the needle are tied together by a silk thread of such a length that 
the needle can be just at the zenith of the swing while the wire is still resting 
on either R or U. In this way the wire will not be disturbed till the needle 
is carried away by its own momentum past the zenith. At this point the wire 
will be pulled away, ultimately breaking the circuit around P and allowing 
both needle and wire to fall over on the opposite side. 
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All this will take but a fraction of a second. The finger is still pressing at 
C, but the connection at J has been altered. The current will now pass from the 
cage to C through D to L, to J, to U, along wire to 
N and back to the cage, completing the circuit around N. N will attract B 
and the bar B, will hit the finger. The finger will prevent any contact between 
B, and the cage and hence there will be no circuit around P and no disturbance 
of J which will continue to rest on U. As long as J continues to rest on U any 
current along the wire - - -- ----- (from either A or C) will find an outlet through 
U and N. 

Consequently, if the finger is placed at C again, B will hit it immediately 
and will continue to do so until contact is made at some other point. The 
machine will always make that ‘response’ which proved successful the last 
time it was ‘stimulated.’ Could we not say that the machine has learned to 
hit the finger? Here we have a perfectly mechanistic means whereby the suc- 
cessful ‘response’ may be ‘selected.’ The design of the machine is such that 
any movement which does not hit the finger (hits the cage) will be changed. 

If we consider the machine as an organism which is subject to stimulation 
by the outside world through only one pathway—susceptible to only one 
stimulus—it seems as if we have a typical example of animate learning. The 
action of B might well be the action of a blindfolded man trying to touch the 
hand that is placed near him. It will be seen that it is only the principle of 
learning which has been here illustrated. To make a machine which would 
respond to any one of any given number of stimuli by any one of any number 
of responses, would involve no new principle and is quite possible for any one 
with the funds at his disposal. 

The laws which govern the learning of the machine are relatively simple. 
We must think of a stimulus having potential connection with two responses. 
We must further think of the resistances of these two connections being vari- 
able. In the machine one connection is between L and R and the other between 
Land U. The resistances of these two connections vary according as J rests 
on Ror U. If, when the machine has been stimulated, the resistance between 
L and R is less than that of the other connection, the response will take place 
through R and M. If that response produces one effect (hits the finger) the 
resistance of the connection will not be increased. If that response produces 
another effect (hits the wire) the resistance of that connection—the connection 
which caused the ‘failing’ response—will be increased. 

We may say, then, that one effect of a response will increase the resistance 
(relative) of the connection which caused it, whereas another effect will not increase 
the resistance of that connection. This statement summarizes the activity of the 
machine, but as the machine was constructed largely as an illustration of that 
statement, it remains to be shown how that summary can be derived from 
animate learning and what claims that statement has in relation to any other 
accounts of learning. 


We will assume that animate learning is of the trial and error 
type. Let us imagine a case of a blindfolded subject attempting 
to strike a bell which lies on the table. We will distort the case 
by supposing that the stimulus is constant or identical in each 
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case, and that the subject is only susceptible to this stimulus, 
and to the sound of the bell and the sound of the impact on the 
table. The probabilities will be something like the following. 


Stimulus Response Effect 
8: R; (hits table) Sound of impact on table 
Si (hits table but 
in different place) Sound of impact on table 
S: R; (hits bell) Sound of bell 
Si R; (hits bell) Sound of bell 
Bell is moved unknown to subject. 
Si R; (same movement 
but hits table) Sound of impact on table 
Ss: R, (hits bell) Sound of bell 
S: R, (hits bell) Sound of bell 


A summary of the above will show that any response which is 
followed by the sound of the table is altered on the next pre- 
sentation of the stimulus, while any response which is followed 
by the sound of the bell is repeated on the next presentation of 
the stimulus. This is very similar to the statement which was 
made with regard to the machine. 

If, in the above example of learning, we can assume that the 
stimulus is constant, we are almost driven to say that the effect 
of the response changed the connection which caused the response. 
Moreover, I believe we must assume that the determining element 
of the stimulus was constant, if we have any learning as it is 
ordinarily understood. 

The necessity for this assumption will be clearer from another 
case of learning. The stimulus can never be the entire situation, 
yet, in many organisms, it produces a response of such constancy 
that we must assume it to be a constant determiner of that re- 
sponse in those cases. Yet at one time that constant stimulus 
produced varying responses until one was selected because it 
produced the required effect. . 

Now if there is a constant determining element in the stimulus 
and a varying response, we must assume a varying connection. 
Moreover, if a response which appeared to that stimulus does not 
again appear to the same stimulus, there must have been an in- 
crease relatively in the resistance of the connection which caused 
that response. 

Consequently, there seems to be evidence that the conception 
of learning synthesized into the machine is not only derived from 
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animate learning, but seems necessary in the explanation of ani- 
mate learning. The exact mechanisms by which such changes 
in the resistance of connections is brought about is far from deter- 
mined. In Fig. 2 a possible means—after the manner of the 
arrangement in the machine—is suggested. Here the sensory 
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An HypoTrHeticaL ARRANGEMENT OF NEURONES 


neurone §; is represented as in potential connection with the 
motor neurones R, Re, and R; by means of connections C;, Ce, 
and C; respectively. We need only imagine that the stimulation 
of any K would increase the resistance of the adjacent C. Thus 
the impulse would change its outlet until it happened to effect a 
response which did not stimulate K. Of course, the absence of the 
normal effect could be considered to have the same result as the 
stimulation of pain neurones. Any suggestion of the actual ner- 
vous mechanism which secures this would be very hypothetical 
indeed and probably better not attempted. The mechanism, 
however, is quite conceivable. 

So far the accepted expositions of learning have been ignored. 
I believe most of these would explain the hypothetical case of the 
subject learning to hit the bell as follows. Ri and Re are mere 
‘random’ movements which are unsuccessful and are not stamped 
in. By pure chance R; is successful and is stamped in. Now the 
resistance of the connection between §; and R; will be decreased 
by use or frequency. Other explanations suggest that R; will 
always be the most recent and the most frequent and these factors 
alone would explain the learning. 


The explanation given here differs from the above in several 
matters. In the accepted positions the fact that the responses 
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vary has received very little emphasis. The varying responses 
have been taken for granted and the whole attention has been 
focused on the process of the selection of one of these. But is not 
this only one half the problem? There is some ground for the 
assertion that this variety of responses to a constant stimulus 
constitutes a very real phenomenon and an essential part of the 
total phenomenon of learning. Moreover, it is not unlikely that 
there should be an intimate relationship between the agent 
which causes the responses to vary in the first place and the agent 
which causes the varying to cease—or, in other words, which 
causes one response to be selected. 

In view of the above I have tried to regard the variety of 
response and the constancy of response as converse aspects of the 
same phenomenon. A review of the problem of the subject 
striking the bell will show a series of varying responses followed 
by a constant response. If we can find an agent which will ac- 
count for the variety, then constancy of the response could be 
expected whenever that agent ceased to operate. 

If §, first produces R; and then Re, we must assume that there 
has been a change in the relative resistances of the connections— 
that the resistance of the connection between 8, and R; has be- 
come relatively greater. We find this also happens in the case of 
8:-R.. As stated in the summary, the resistance (relative) of 
any connection will increase with the operation of the connection, 
provided it fails to achieve a certain effect. Either the lack of that 
‘certain’ effect produces that increase in the resistance, or the 
presence of the ‘certain’ effect prevents the operation itself from 
increasing its own resistance. 

This seems to give a more complete account of the whole 
process. Moreover, I believe that it is as easy to think of learning 
taking place through the increase of the resistance of inhibiting 
connections as through the decrease of the resistance of the par- 
ticular connection. This will be clearer by again referring to 
Fig. 2. 

If the nerve activity tends to go via C;, at first and does not do 
so the next time, we must suppose one of two things has hap- 
pened. Either the resistance of C. and C; have been so decreased 
that the energy goes through those connections rather than 
through C;, or the resistance of C; has been increased. This latter 
conception is the simpler. Moreover, it is the only conception 
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which will explain the facts unless the neural energy depends on a 
difference in potential. That is to say, if the nerve impulse is 
electrical or hydraulic in nature, a great decrease in the resistance 
of any one connection would drain most of the energy from the 
other connections. It would never drain all. If, however, as 
seems more probable, the nerve energy is not electrical or hy- 
draulic, then no decrease in the resistance of Cz or C3 would ever 
stop the transmission of an impulse across C;. If the neurones 
in Fig. 2 represented trains of gunpowder, then the only way we 
could prevent the transmission of the impulse to Ri would be by 
actually interfering with the resistance of Ci. 

The substance of the above may be given thus: The phenome- 
non of varying responses is as essential to learning as is the phe- 
nomenon of the selection of one of those responses. The phe- 
nomenon of variation can never be explained by frequency, re- 
cency, etc., but only by the conception of an increase? in the 
relative resistance of all connections not achieving a certain 
effect. This conception besides accounting for the variety of the 
responses, will also account for the constancy of any response that 
does achieve the certain effect. The action of the machine shows 
that it is quite possible to provide a mechanism which will in- 
crease the resistance of every response which fails to achieve a 
certain effect—to provide a mechanism which will produce 
learning. 

The present account differs from the traditional explanations 
in its lack of emphasis on frequency and recency. Once there 
is a causal agency to stamp a response in or to stamp it out, it 
follows that two applications of that agency will have more effect 
than one application. This I understand to be the principle of 
frequency. 


The nature of the discussion prevents reference to the many conceptions 
of learning that have been utilized. As the study was instigated, however, 
by an examination of three theories, these should receive special mention. 

The similarity of this conception to that of Thorndike is apparent.* In 
general this conception may be thought of as a mechanistic interpretation of 


*While this paper was in process of revision an article by Professor Knight 
Dunlap (A revision of the fundamental laws of habit formation, Science, 67, 
1928, 360) appeared, in which he puts forward the view that the operation of 
& synapse may, and in some cases probably does, increase the resistance of the 


synapse. 
5 L. Thorndike, Educational yn The Original Nature of Man, 
1913, I, 124-7; The law of effect, this JouRNAL, 39, 1928, 212-222. 
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Thorndike’s position. The exceptions which should be noted are those men- 
tioned earlier in connection with the traditional explanation, and the omission 
of such terms as ‘satisfaction’ and ‘annoyance’ in the present account. Thorn- 
dike himself defines satisfaction and annoyance in strictly neurological (mechan- 
istic?) terms. It was this neurological definition which constituted the chief 
basis for the present mechanical synthesis. Thorndike, however, does not 
seem to regard the neural condition in itself as the determiner. Except for 
those limitations imposed by a strictly mechanistic interpretation, this account 
follows Thorndike throughout—to the best of my comprehension of his position. 

The same may be said of Carr’s position. I know of nothing herein con- 
tained which differs greatly from Carr’s explanation with the general exceptions 
given above, and with the exception of his conception of the intensity of the 
sensory consequences. One of the main points of the present conception is the 
influence of the sensory consequences in producing a variety of responses and 
in selecting the particular response. Where Carr attributes the selective 
agency to the intensity of the consequences, I have been only able to suggest 
that one consequence stamps out and the other does not. I believe that neither 
Carr’s nor Thorndike’s position has been greatly distorted by this attempt 
to synthesize them into a mechanical application. 

The two positions mentioned above have been considered from the view- 
point of Watson’s criticism.’ The whole outlook of the problem was largely 
determined by his rigid applications of the law of parsimony. As indicated 
above, this position does not emphasize the factors of recency and frequency 
to the extent which Watson has, but considers them as secondary to the opera- 
tion of a resistance producing agency. 

There have been many other explanations which have entered here. A 
discussion of them—especially those of Peterson® and Haggerty’—within these 
limits would, however, be most unjust, although I would like to consider 
briefly the conditioned response. By this means Symonds explains a great 
deal of learning.* He then states that the law of effect plays no part in the 
conditioned response. In other words the law of effect plays no part in the 
explanation of a great deal of learning. This would be unfortunate for our 
theory which tries to show that all learning is explained by the law of effect. 
It would be even more disastrous for the conditioned response which, I believe, 
is denied all semblance of an explanation if the law of effect is rigorously ex- 
cluded. 

In one case of conditioning a bell is rung near a dog. Shortly afterward 
meat is presented. After a sufficient number of repetitions the sound of the 
bell alone produces salivation. 


‘H. A. Carr, Principles of selection in animal learning, Psychol. Rev., 21 

1914, 157-165; The distribution and elimination of errors in the maze, J. Animal 
ehav., 1917, 145-160. 

5J. B. Watson, Behavior: An Introduction to Comparative Psychology, 1914, 


251 ff. 
_ ‘Joseph Peterson, Completeness of response as an explanation principle 
in learning, Psychol. Rev., 23, 1916, 153-162; Forced adjustment vs. association 
in constructive learning and thinking, this JouRNAL, 39, 1927, 264-282. 

™. E. Haggerty, Laws of learning, — Rev., 29, 1913, 411-422. 

8P. M. Symonds, Laws of learning, J. 


duc. Psychol., 18, 1927, 405-413. 
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In this explanation we must assume that every response the dog will ever 
make to that stimulus is already in potential connection with that stimulus, 
or in a position so that it can be connected. Then S produces Ri—an attempt 
to run away, for example. The appropriate effects are not forthcoming and 
that connection is stamped out. Now S produces Re which we will suppose is 
also stamped out. Now suppose S produces Rs—preparation for food taking. 
The appropriate effects (such as the stimulation of taste neurones) ensue and 
this response is not stamped out. Whenever the appropriate results fail to 
follow this response it is very rapidly stamped out.® 

In case it should be objected that the animal must make an enormous num- 
ber of reactions in a very short time, we might point out that most of the ex- 
perimentally produced conditioned responses so far reported have had to do 
with either food-taking or fear (avoidance) reactions. It is not unreasonable 
to suppose that the animal should be so organized that his first response to a 
rather novel situation should be of an avoiding nature, and if that failed to 
produce the appropriate effect, the next response would be concerned with 
food taking. Certainly an animal with some such nervous organization would 
seem to have an advantage over those not so organized. 


SUMMARY 


The real phenomenon of learning is considered to lie in the 
fact that one stimulus will produce several different responses of 
which one will be selected to follow the stimulus almost in- 
variably. It is held that this altering and selective force is asso- 
ciated with the effect of the response. 

A mechanistic law of learning reads as follows: A connection 
which results in one effect (probably biologically useful) will not 
be stamped out and may be stamped in. A connection failing to 
produce this type of effect, or producing another type (probably 
biologically harmful) will tend to be stamped out. 

This conception of learning was derived from the analysis of a 
learning apparatus and has been synthesized to produce a learning 
apparatus. While this does not prove the theory, it is considered 
as an argument in its favor. 

The nature of the discussion has not been conducive to a just 
emphasis on the rather lengthy history of the problem, but the 
chief purpose of this paper has been realized. Its object was 
to show that the current conceptions of learning—notably those 
of Carr and Thorndike—are capable of such thorough-going 
mechanistic interpretation that a mechanical application of these 
mechanized principles is a possible and an accomplished fact. 


J. P. Pavlov, Conditioned Reflexes, 1927, 49-62. 
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LEARNING THE RELATION OF OPPOSITION 


By Greorce Kreezer and Kart M. Cornell University 


A few years ago the senior author of this study reported in a 
note! the results of a little experiment on the learning of the mean- 
ing of opposition by two children, 3 and 6 years old respectively. 
Neither S understood the meaning of opposition at the beginning 
of the experiment, but the older learned it immediately upon 
gaining ‘insight’ into the nature of the problem. The younger 
S was, however, unable to learn the meaning in spite of numerous 
repetitions of illustrative examples. 

The object of the present study is to extend the investigation 
to 100 Ss, and, by a statistical treatment of the results, to answer 
the following questions: (1) at what age do children in general 
know the meaning of opposition; (2) how do the children who do 
not know the meaning learn it—do they learn it gradually, in 
accordance with the ‘trial and error’ theories of learning, or sud- 
denly with the appearance of ‘insight;’? and (3) at what age are 
children in general capable of learning the meaning. 

Subjects. The Ss, 100 in number (43 girls and 57 boys), were selected from 
the kindergartens and the first and second grades of the Belle Sherman, St. 
John’s and East Hill schools of Ithaca, N. Y.? Chronological age was the 
only basis of selection. We chose 20 Ss from every one of the following 5 
age-groups: 5°0-5:6, 5°7-5°12, 6-0-6°6, 6°7-6°12, 


*Accepted for publication February 14, 1928. 

1K. M. Dallenbach, A note on the immediacy of understanding a relation, 
Psychol. Forsch., 7, 1926, 268-269. 

2K6hler’s argument in his Mentality of Apes rests upon evidence from but 
few cases. In reply to the criticism that he should have applied the statistical 
method to his results, he says: “To my mind this means an inability to see 
the problems which I tried to treat in a preliminary way” (Gestalt Psychology, 
1929, 52 f.). We agree with Kohler; qualitative work must precede the quan- 
titative; but after the ‘preliminary’ work has been done quantitative work 
should follow. 

3’ We wish to express our appreciation for the codperation of the teachers, 
Miss Ella E. Richards, Miss Freda R. Slater, and Mrs. Katherine O. Williams, 
and of Dr. F. D. Boynton, Superintendent of the Ithaca Public Schools. 

‘The intellectual and social status of the parents of our Ss is probably 
weighted toward the upper extremes. Thirty-six of our Ss’ fathers are en- 
gaged in professional occupations (teachers, doctors, lawyers), 34 in business, 
25 in skilled labor, and 5 in unskilled labor. 
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Method and procedure. The Ss were taken one at a time to the room of the 
experimenter. The child was asked his name and a few other questions to 
draw his interest and to gain his confidence, and then he was asked whether 
he liked to play games. After the invariable affirmative answer, E’s pro- 
cedure was verbatim as follows: 


(A) ‘We are now going to play the game of opposites. Do you know what 
opposite means?” 

(B) If the answer was no, £ said, ‘‘Yes you do, tell me what is the opposite of 
good.” 


If the answer was yes, Z said, “All right, tell me what is the opposite 
of good.” 

(C) If S’s reply was incorrect, E said, ‘‘No, you are wrong, that is not the 
opposite of good. Now tell me what is the opposite of big.” 

If S’s reply was correct, EZ said, “That’s right, now tell me what is the 
opposite of big.” 

(D) If S’s reply was incorrect, EZ said, “No, you are wrong. Now listen, 
the opposite of good is bad, the opposite of big is little. Do you under- 
stand?” 

If S’s reply was correct, E said, ‘“That’s right, the opposite of good is bad, 
the opposite of big is little. Do you understand?” 

(E) If the answer to the question in (D) was no, E£ said, ‘‘Well, I’ll see if you 
do. Tell me what is the opposite of white (short, fat, wet, glad, hard, 
in, slow, weak, open, heavy, up, smooth, little, sleep, shut, strong, quick, 
out, soft, sad, dry, thin, long, black).” 

If the answer was yes, E said, “All right, I’ll see if you do. Tell me 
what is the opposite of [the 25 words listed above].” 

(F) As the words were given to S and he returned his answers Z simply re- 
plied ‘right’ or ‘wrong.’ If S did not show by his answers to the first 
10 words of the test list that he understood the relationship, Z 
again told him the opposite of good and of big, and then asked him a 
second time for the opposites of the first 10 words, saying ‘right’ when 
a correct answer was returned and supplying the correct answer when 
an error was made. After this additional instruction in the mean- 
ing of opposition, Z continued, without correcting or commenting 
upon S’s replies, to ask for the opposites of the 15 remaining words 
in the list. 

An S was credited with having learned the meaning of opposition if he 
continued, after a correct response to some word among the first ten, to give 
correct reponses to the remaining words in the test series. All the Ss who 
demonstrated that they had learned the relationship did not, to be sure, give 
antonyms in every instance to the test words, but as we were not concerned 
with a vocabulary test it was not necessary for our purposes that antonyms 
be given. All that we required was evidence that the Ss, as demonstrated by 
their replies to the 25 test words, understood the nature of opposition. The 
answers ‘not smooth,’ or ‘un-smooth,’ to the word smooth, for example, were 
as significant for our purposes as the antonym ‘rough.’ 
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This procedure, identical with the one used in the preliminary study men- 
tioned above, was calculated to instill confidence into the Ss and to prompt 
them to respond. Nothing was done or said that discouraged the child. E’s 
‘wrong,’ which was necessary for the S’s instruction, was not said dispar- 
agingly or reproachfully. We wished the failures of the children to learn the 
meaning of opposition to be real failures and not chargeable to discouragement, 


bashfulness, or fear. 


Results. (1) Age at which meaning is understood. We give 
in Table I the results of the 6 different parts of the procedure for 
every one of the 5 age-groups. In the first row, opposite stub A, 
we give the answers that we received in part (A) in reply to the 
question ‘‘Do you know what opposite means?” One S in the 
5°7-5°12 year age-group, 5 in the 6°7-6-12 year age-group, and 4 
in the year 7:0-7°6 age-group replied in the affirmative. But, as 
the responses obtained from parts (B) and (C) of the experiment 


TABLE I 


SHOWING THE RESULTS OF THE VARIOUS PARTS OF THE EXPERIMENT FOR THE 
DiFFERENT AGE-GROUPS 


Age-group 
Part Answer 5'0-5'6 5°7-5°12 60-66 67-6512 7°0-76 Total 
A yes re) I ° 5 4 10 
no 20 19 20 15 16 90 
B right 4 7 II 
wrong 20 20 20 16 13 89 
C right 2 o o 4 7 13 
wrong 18 20 20 16 13 87 
D yes 13 15 14 15 20 77 
no 7 5 6 5 o 23 
E correct 7 10 8 10 16 51 
F correct I 2 7 6 2 18 
Total E and F 8 12 15 16 18 69 
Percent successful 40 60 75 80 90 
Total number 
unsuccessful 12 8 5 4 2 31 


show, the S in the 5:7-5:12 year age-group and one of those in 
the 6°7-6'12 year age-group mistakenly reported that they under- 
stood, for they failed in their performance to give the opposites 
of good and big. The data in these parts show furthermore that 
7 Ss in the 7:0-7°6 year age-group—3 more than those who re- 
ported that they understood the meaning—demonstrated by 
their performance that they understood the relation. It is ap- 
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parent, therefore, that 3 Ss understood the relation but not the 
formal name for it. On the basis of these data it appears that 
children under 6.6 years of age do not understand the meaning of 
opposition, and that approximately a fifth of the 6°7-6-12 year 
age-group and a third of the 7-0-7°6 year age-group do under- 
stand it. Our age-groups were not sufficiently large nor did they 
sufficiently extend into the upper years of childhood to permit 
us to state definitely at what ages children in general understand 
the meaning of opposition, but it is apparent from the trend of 
our results that they probably learn it without specific instruction 
by the end of their eighth year, or the beginning of the ninth. 


(2) Manner in which the meaning is learned. The data of 
part (D) of the experiment, given in the fourth row of Table I, 
show the number of Ss in the different age-groups who reported 
that they had learned the meaning of opposition after it was 
illustrated in parts (B) and (C). As shown by their actual per- 
formances in (E), however, more Ss thought they understood it 
than were actually able to demonstrate it. The number in every 
age-group in (E) is smaller than the number of ‘yes’-reports 
at the corresponding age-groups in (D). 

The differences between the numbers for every age-group in (E) 
and the numbers opposite ‘right’ for the corresponding age- 
groups in (B) represent the number of Ss who suddenly, after 
being given but two illustrative examples, learned the meaning 
of opposition. Only 11 Ss, 4 and 7 respectively in the two oldest 
age-groups, demonstrated at the beginning of the experiment— 
in (B)—that they understood the relation; 51 Ss—4o additional— 
demonstrated in (E) that they understood it. 

Our data give evidence that two Ss in the 5:o-5°6 year age- 
group learned the relation after one correction. They reported 
in part (A) that they did not know the meaning of opposite; they 
failed to give the opposite of good in part (B); but in part (C) they 
responded to big with little. The replies of these 2 Ss might of 
course have been mere chance associations—for it is a bit sur- 
prising that the only instances of learning the relation from one 
apprisal of error should have appeared among the Ss in our 
youngest age-group—but these Ss replied in part (D) that they 
understood the relation, and they demonstrated that they did in 
part (E). If their success in part (C) was due to chance asso- 
ciation they must have learned it immediately afterward, for their 


: 
> 
~ 
j 
> 
4 
ag 
i 
| 
hy 


436 KREEZER AND DALLENBACH 


success in part (E) could not have been due to chance. It ap- 
pears, therefore, as though they actually did learn the relation 
from one example. 

The data in Table I, in the row opposite stub F, show the 
number of Ss, and their distribution among the different age- 
groups, who learned the relation in part (F) of the experiment. 
Eighteen Ss—1, 2, 7, 6, and 2 respectively in the 5 age-groups 
ranged from the youngest to the oldest—demonstrated, after the 
illustrative examples were repeated a second time and their re- 
plies corrected for the first few words of the test list, that they 
understood the relation by giving the opposites of the remaining 
words of the list. None of these Ss required correction after the 
fifth word. 

All the Ss who learned the relation learned it immediately 
with a sudden acquisition of insight. Even the Ss who learned 
the relation in part (F) of the experiment, where an opportunity 
was offered for gradual acquisition, exhibited the same sudden 
shift from free chance associations to associations determined 
by the relation of opposition. None of our Ss exhibited a gradual 
acquisition or understanding of the relation. The curve illus- 
trating their progress in learning dropped abruptly from 100% 
failures to 0%. 

Thirty-one Ss, distributed among the different age-groups as 
shown in Table I opposite the stub ‘Total unsuccessful,’ were 
unable to learn the relation of opposition with the amount of 
instruction that we gave them. Their data are significant, how- 
ever, in showing how the relation of opposition is learned. None 
of these Ss showed any progress toward learning; they were as 
far from success at the end of the experiment as they were at 
the beginning. They did not acquire the insight requisite to 
learning, consequently they did not learn. The curve illustrating 
their progress remained as high at the end as at the beginning. 

None of the Ss who learned the meaning of opposition showed 
during the experiment any tendency of retrogression or forgetting. 
The relation once learned persisted from the moment that in- 
sight was gained; there were no momentary lapses or slips back 
to the unlearned state. Learning by insight appears to be im- 
mediate—a case of ‘all or none’—and also permanent. 


How may we explain these results? Certainly not by the 
‘trial-and-error’ theories of learning. Neither Thorndike’s so- 
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called law of exercise, bulwarked though it be by the subsidiary 
law of effect,’ nor Watson’s alleged law of frequency,’ supported 
though it be by the important law of recency, will explain our 
results. There was no opportunity in our experiments for the 
operation of these laws, and yet 58 of our Ss learned the relation. 

According to Thorndike, the ability to make a correct response 
to a particular stimulus, R; to Si, can in general be acquired only 
if the stimulus-response connection S:—R; has occurred and has 
been ‘stamped in’ during the learning period. Our results cannot, 
however, be explained by this hypothetical structure, for during 
the interim between our Ss’ failures and successes not only had the 
correct responses not been ‘stamped in’ but they had not occurred. 
Consider, for instance, the Ss who demonstrated in part (E) of the 
experiment that they had learned the relation of opposition. 
The specific responses to the 25 test words were not given them, 
and yet after two illustrative examples they correctly responded 
to all the words in the test list. Or, if it be argued that these Ss, 
in spite of their denials and their failures with good and big, al- 
ready understood the relation of opposition, and that their results 
as a consequence cannot be regarded as pertinent to the problem 
of learning, take the results of the 18 Ss who failed in part (E) of 
the experiment and succeeded in part (F). There can be no 
question regarding the learning of the relation by these Ss. 
Every one of them succeeded, without having the correct re- 
sponses furnished them, in giving correct responses to stimulus- 
words that they had previously missed. The law of exercise 
cannot explain these results. 

The qualification ‘in general,” italicized in the statement of 
the general law given above, admits of exceptions which Thorn- 
dike attempts to cover by his auxiliary law of assimilation or 
analogy. Thorndike states “that to any situations which have 
no special original or acquired response of their own, the response 
made will be that which by original or acquired nature is con- 
nected with some situation which they resemble.’* Even if 
we regard the situations in all of our test words as analogous— 
for example, the situation aroused when the opposite of white is 


5 E. L. Thorndike, Educational Psychology, 1913, i, 171 ff; ii, 2 f. 
6 E. L. Thorndike, The law of effect, this JouRNAL, 39, 1927, 212-222. 
7 J. B. Watson, Psychology from the Standpoint of a Behaviorist, 1919, 290- 


367. 
8Thorndike, op. cit., ii, 15. 
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asked for as analogous to the situation aroused when the opposite 
of sad is asked for—the law of analogy cannot account for the 
exceptions to the general law met in our experiment, for the S 
should, according to this law of analogy, give as the response to 
every new word the response which he had given to some word 
earlier in the list. The law of analogy could lead in our experi- 
ment only to wrong responses; it obviously is unable to account 
for our results. 

Watson’s ‘laws’ of habit fixation are also inadequate to explain 
our results. His law of frequency, which is similar to Thorn- 
dike’s law of exercise, fails for the same reason that the law of 
exercise fails: up to the moment that correct responses were 
given they had never occurred; frequency of response should have 
led to a continuation of the incorrect responses. 

Watson’s supporting law of recency does not help; it merely 
compounds the failure of his treatment of learning. Up to the 
moment that our Ss gave correct responses all of their responses 
had been incorrect; after that moment all of their responses were 
correct. Recency alone should have led to a continuation of the 
incorrect responses.° 

In terms of Thorndike’s and Watson’s theories of learning, 
the correct responses of the Ss who learned the relation of oppo- 
sition in our experiment can be attributed only to chance. Chance 
might account for sporadic occurrences of correct responses, but 
one can hardly resort to it to account for the continued occurrence 
of correct responses. The sudden and continued success of our 
Ss makes it clear that they had learned to respond correctly to the 
stimulus-words. The fatuousness of the ‘chance explanation,’ 
which is the only explanation of our results that can be given’ by 
Thorndike’s and Watson’s theories illustrates how totally inade- 
quate to the problem their theories of learning are. 

The results of this study show that our Ss learned the relation 
of opposition suddenly, if they learned it at all, with the appear- 


*Watson attributes much importance in the early acquisitions of the child 
to the conditioned reflex (op. cit., 290, 341). By means of this mechanism a 
stimulus which is at first inadequate to evoke a certain response may become 
adequate if it occurs together with a stimulus that does evoke the response. 
It will suffice, in order to show that this mechanism has no bearing upon our 
problem, to point out that both the stimuli and the responses in our experi- 
ment were specific. There was no opportunity for conditioning to take place, 
and had it taken place it would invariably and of necessity have led to wrong 
responses. 


My 


LEARNING THE RELATION OF OPPOSITION 


439 


ance of insight into the nature of the problem.” They learned 
the relation, and not a specific response to a specific stimulus; 
yet the learning of the relation enabled them to give correct re- 
sponses to specific stimulus-words to which they had earlier in 
the experiment responded incorrectly. 


(3) Age at which children are capable of learning the relation of 
opposition. Table I shows the number and percentage of Ss in 
every age-group who demonstrated during the experiments that 
they understood the meaning of opposition. The percentage of 
successes, the data show, varies directly with age and increases 
most rapidly near the 50% region. Since these frequencies follow 
a curve of distribution of the ogive form, it seemed feasible to 
employ the method of constant stimuli in calculating the prob- 
able age at which children will be capable of understanding the 
relation of opposition, particularly as the method has already 
been successfully applied to problems outside the sensory field 
for which it was especially developed. Williams used the method 
in calculating an associative limen,"' Fernberger in computing 
the constant in the range of apprehension,” and Guilford and 
Dallenbach in determining the memory span." 

The value obtained by treating our data by the method of 
constant stimuli will correspond to the stimulus limen; it will 
indicate the age at which there is a probability of 0.5 that a child 
will earn the relation, 7.e. it is the calculated age at which 50% 
of the children of a like social status will learn the relation and 
50% will fail. The value we obtained from the computation was 
L = 5.49, h = 0.52. Since we represented the half-year age- 
groups in our computation by the medians, the calculated ‘age- 
limen’—s5.49—should likewise be considered as a median and the 
age-group to which it corresponds should be considered as ex- 
tending from 5.24-5.74 years of age, 7.e. from 5°3-5°9. Upon the 
basis of these results we feel justified in concluding that children 


10For further references to this type of learning see the discussion by K. 
Koffka, The Growth of the Mind, trans. by R. M. Ogden, 1924, 175-181, 214- 
219. Ct. also H. Helson, Insight in the white rat, J. Exper. Psychol., 10, 1927, 
378-396. 

1H. D. Williams, On the calculation of an associative limen, this JouRNAL, 
29, 1918, 219-226. 

25. W. Fernberger, A preliminary study of the range of visual apprehen- 
sion, tbid., 32, 1921, 121-133. 

J, P. Guilford and K. M. Dallenbach, The determination of memory 
span by the method of constant stimuli, ibid., 36, 1925, 621-628. 
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of the 5°3-5°9 year age-group, of a social status similar to that of 
our group, have, with the amount of instruction that we gave 
our Ss, a probability of o.5 of learning the relation of opposition. 


Our problem in this section is similar to the one involved in the placement 
of mental tests in a test-scale. The question, ‘what percentage of children 
should pass a test at the age for which it is to be considered standard,’ which 
has long concerned those interested in the construction of mental tests, has 
been variously answered. Binet and Simon, for example, though they did 
not specifically discuss the question, showed from various incidental statements 
that they used a shifting standard which varied from 60% to 90% for the dif- 
ferent age-groups. Goddard considered that a test was “misplaced in the 
scale if it is not answered by about 75% or more of those trying it.”"* Bobertag 
agreed, after a comprehensive study of the question, with Goddard’s figure: 
“ein Test ist derjenigen Altersstufe zuzuweisen, auf der er bei etwa 75% aller 
normalen Kinder gelingt.”"* Terman and Childs “considered that two-thirds 
of the children of any age ought to pass a test to make the test characteristic 
of that age.’* Kuhlmann at first accepted the 75% standard,’” but later 
adopted a sliding standard which was centered about 60%,'* and still later a 
standard which “ranges from nearly 100% at the lower end of the scale to 
about 50% at the upper end.”?® Terman, in his revision, likewise adopted a 
sliding standard ranging from about 77% at the lower age-groups to about 
55% at the upper age-groups.2° Otis, after a purely mathematical considera- 
tion of the question, concluded that “the age-gradation of any test can be none 
other than the age at which just 50% pass it.” 

Without entering into an extended discussion of this question, which would 
carry us beyond the limits of this paper, let it suffice for us to say that we are 
in substantial agreement with Otis’s mathematical argument. We believe that 
the age at which 50% of those examined pass a test is mathematically the 
only defensible criterion for the placement of the test. We furthermore be- 
lieve that this age can best be calculated in accordance with the phi-gamma 
hypothesis and by the method of constant stimuli. 

The advantages of employing the method of constant stimuli in the deter- 
mination of the age at which 50% will pass a test are many. It gives an ‘age- 


4H. H. Goddard, Two thousand oe children measured by the Binet 
measuring scale, Ped. Sem., 18, 1911, 24 

Bobertag, Uber Zsch. f. angew. Psychol., 6, 
1912, 5 
wh) M. Terman and H. G. Childs, A tentative revision and extension of the 
Binet-Simon measuring scale of intelligence, J. Educ. Psychol., 3, 1912, 281. 

Fred Kuhlmann, A revision of the Binet-Simon system for <a the 
intelligence of children, J. Psycho-Asthenics, Monog. Suppl., 1, 1912 

**Fred Kuhlmann, The results of one thousand public school children ex- 
amined with a orgy of the Binet-Simon Tests of intelligence, J. Psycho- 
Asthenics, 18, 1914, 2 

1°Fred Kuhlmann, 4 " Handbook of Mental Tests, 1922, 44. 

20], M. Terman, The Stanford ae and Extension of the Binet-Simon 
Scale for Measuring Intelligence, 1917, 1 

rx = Otis, Some logical aspects 7 the Binet scale, Psychol. Rev., 23, 
1916, 178. 
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limen’ that is unequivocally defined, and the definition rests upon the ac- 
cepted psychophysical principle of the limen. All of the data, the successes 
and failures at every age, are taken into account. The method, furthermore, 
provides in h, the degree of precision, a measure of the amount of scatter. 
We repeat with Fernberger, “‘it is curious that investigators, working outside 
the field of sensation, have not oftener used the tools of psychophysics.’ 


SUMMARY 


The questions that we set ourselves may, within the limits 
of this study, be answered as follows. 

(1) Children of the social status of our group learn the mean- 
ing of opposition without special instruction regarding it by the 
end of their eighth year or the beginning of the ninth. 

(2) Children who do not know the meaning of opposition 
learn it with instruction, such as we gave our group, suddenly 
with the acquisition of ‘insight.’ None of our group exhibited 
a gradual acquisition or understanding of the relation. (a) Chil- 
dren who have learned the meaning of opposition do not forget it. 
Learning with insight is more stable and permanent than trial- 
and-error learning. (b) The trial-and-error theories of learning 
are unable to account for ‘insightful’ learning. The existence of 
this type of learning shows how totally inadequate to the problem 
of learning the trial-and-error theories are. 

(3) Children of the 5-3-5-9 year age-group, of a social status 
similar to that of our group, have, with the amount of instruction 
that we gave our group, a probability of o.5 of learning the rela- 
tion of opposition. 


2S. W. Fernberger, op. cit., 123. 
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JAN SWAMMERDAM: A STUDY IN THE HISTORY OF 
COMPARATIVE AND PHYSIOLOGICAL PSYCHOLOGY 
OF THE 17TH CENTURY 


By Northwestern University 


The major contribution of the 17th century to the develop- 
ment of science was the recognition of observation and experiment 
as the ultimate test of scientific truth. In physical science, it 
was the century of Newton, Boyle, Kepler, and Leibnitz; in 
biological science it was the century of Malpighi, Borelli, Glisson, 
Willis, Van Helmont, Stenson, and, above all, Descartes and 
Harvey. Vesalius, in the previous century, had invaded the 
sacred mysteries of the human body itself, and now an intense 
curiosity prevailed in the field of the biological sciences regarding 
the structure and functioning of the bodily mechanisms. The 
attempt, by means of the new method of observation and experi- 
ment, to test the findings of mechanics and physics as applied 
to the functioning of living bodies, marks the beginning of modern 
biological science. 

A striking manifestation of this curiosity about the functioning 
of bodily mechanisms is found in the large number of investiga- 
tions of the mechanisms which initiate and control animal motion. 
The nature and uses of the disturbance transmitted along the 
nerve, the processes of muscular contraction, and the study of 
animal responses to specific stimuli were all subjects of observa- 
tion and experiment. The extraordinary productivity of this 
field in a space of thirty years (1650-1680) is shown by the work 
of Glisson! on muscle irritability, Borelli,? Croone,? and Stenson‘ 


*Accepted for publication February 1 

by} Glisson (1597-1677). See M. hae, The History of Physiology, 
1901, 2 

*Alphonso Borelli (1608-1679). De Motu Animalium, 1680. 

‘William Croone, De ratione Motus Musculorum, 1664. Croone died in 1684 
leaving a scheme for a series of lectures on muscular motion. This scheme was 
made financially possible by provisions in the will of Croone’s widow. The 

Croonian Lecture was not delivered —_ 17 

4N. Stenson (1638-1686). Specimen, seu Musculi 
descriptio geometrica, 1667. 
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on the mechanics of muscular contraction, Mayow’ on the nature 
of ‘animal spirits,’ and the observations of Boyle,* Du Verney,’ 
and Descartes* on the involuntary responses of animals. Des- 
cartes’ treatise On Man® went beyond the experimentally es- 
tablished knowledge of the time in an attempt to demonstrate 
that the body of man may be regarded as a machine operating 
according to physical laws. In a word, it was towards the study 
of the mechanisms of neuro-muscular adjustment of that machine 
that much of the biological research of the time was directed. 
Herein lies the peculiar historical significance of the 17th century 
to modern experimental psychology of psycho-motor phenomena. 


Jan Swammerdam, a Dutch naturalist, using the comparative 
as well as the experimental method, made fundamental contri- 
butions to neuro-muscular physiology and physiological psy- 
chology. His studies in the field of comparative anatomy” of 
insects have tended to obscure his contributions to the physiology 
of muscle and nerve. In these entomological studies—which 
were not anatomical merely but included observations on behavior 
as well—the comparative point of view was stressed, as indicated, 
for example, by such chapter headings as ‘““Man himself compared 
with insects, and with the frog,’”’ and ‘‘A particular treatise on the 
frog and its young, exhibiting its history, and comparing it with 
insects.’’"! His insight into the problems of neural physiology, 
his use of the comparative method in the study of animal be- 
havior, and his vigorous criticisms of the current dogmas regard- 
ing ‘animal spirits’ and the agencies and processes in muscular 


5John Mayow (1643-1679). Medico-Physical Works, 1907. (Translation 
of Tractatus edico-physici, 1674.) 

‘Robert Boyle (1627-1691). The works of Robert Boyle, 1744. 

7J. du Verney pa? 730). De la Structure et du Sentiment de la Moelle, 
Mem. de l Acad. des Sci., 1700. 

®René Descartes (1596-1650). Passions of the Soul, 1649. 

*Published in 1662. 

Foster credits Swammerdam and his contemporary, Malpighi, with being 
the founders of the science of Comparative Anatomy. Cf. European science 
in the J 7th and earlier years of the 18th centuries, Cambridge Modern History, 
I 23-741. 

to his work Swammerdam indicates his interest in 
comparative study of behavior in the following terms: “After an attentive 
examination of the nature and fabrick of the least and largest animals, I cannot 
but allow the less an equal, or perhaps superior d e in dignity. . . . If, while 
we dissect with care the larger animals, we are filled with wonder at the elegant 
disposition of their limbs, the inimitable order of their muscles, and the regular 
direction of their veins, arteries and nerves; to what an height is our astonish- 
ment raised, when we discover all these parts arranged in the least, in the same 
manner.” Op. cit., I. 
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contraction, place him in the front rank of his contemporaries, 
if not, indeed, as one of the founders of physiological and com- 
parative psychology. 

Swammerdam’s principal contributions are collected in a 
curious and interesting volume entitled The Book of Nature 
(Biblia Naturae) which was published by his countryman, Her- 
mann Boerhaave in 1738, over fifty years after the author’s death.” 
An English translation of this work appeared in London in 1758 
from which the material for the present study is drawn. This work 
is devoted primarily to the presentation of the author’s anatomical 
and behavior studies of bees, wasps, dragon-flies, snails, butter- 
flies, ants, worms, etc., but contains a section devoted to the de- 
velopment, mating behavior and anatomy of frogs. This section 
contains a separate essay entitled: “Experiments on the par- 
ticular motion of the muscles of the frog; which may be also, in 
general, applied to all the motions of the muscles in men and 
brutes.”’ It is here that Swammerdam has described his funda- 
mental experiments on neuro-muscular action. 


BIOGRAPHY 
The father of Swammerdam was John James Swammerdam, 
an apothecary, born in 1606.“ The father was “very studious of 
natural history, and very well skilled in several branches of it,” 
according to Boerhaave, and seems to have made collections of 


2Jan Swammerdam, The Book of Nature; or the History of Insects: reduced 
to distinct Classes, confirmed by particular instances, displayed in the anatomical 
analysis of many species. With Life of the Author, by Hermann Boerhaave. 
Translated from the Dutch and Latin original Editions by Th. Flloyd. Re- 
vised and improved by notes from Reaumur and others, by John Hill, 1758. 

13Swammerdam was “little versed in Latin,” according to the biographical 
preface by Boerhaave in the 1738 edition of the Biblia Naturae, and the 
original works were in Dutch. On the author’s death, his original manuscripts 
were left to Melchisedeck Thevenot, formerly the French Minister to Genoa. 
Boerhaave relates the history of these papers as follows: After Thevenot’s 
death this material was “purchased by Joubert the King’s painter whose 
heirs afterwards sold it at the inconsiderable price of fifty French crowns to 
the illustrious Joseph du Verney, with whom they lay hid and disregarded for 
a long time. . . . At last by the assistance of the reverend Mark Guitton, and 
the eminent William Roell, professor of anatomy at Amsterdam both then 
residing in Paris, I so far succeeded, that they were purchased for me the 
twenty-sixth of March, 1727, at the price of one thousand five hundred French 
florins, and received them complete the same summer.” 

“The chief source of material is the biographical introduction to the Biblia 
Naturae entitled “The Life of John Swammerdam” by Hermann Boerhaave. 

also W. A. Locy, Malpighi, Swammerdam, and Leeuwenhoek, Pop. Sci. 
Mon., 58, 1901, 561; James Duncan, Memoir of Swammerdam, Naturalists 
Library, 34, 1843; M. Foster, op. cit., 99 ff. 
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insects, fossils, etc., which attracted much attention in his native 
city of Amsterdam. Here, also, Jan was born on February 12, 
1637. In 1651 he entered the University of Leyden where he was 
admitted ‘‘a candidate in physic” in 1663 and received the degree 
of Doctor of Physic in 1667. His interest in dissection was indi- 
cated during these years by his concern with the methods of 
preparation and preservation of anatomical material. He suc- 
ceeded, also, ‘‘in nice contrivances to dissect and otherwise manage 
the minutest insects’ and showed “extraordinary skill in dissect- 
ing frogs.” 

Swammerdam’s father seems to have been wholly unsym- 
pathetic with his son’s interest in anatomy. The father ‘“threat- 
ened him severely that if he did not immediately exert his talents 
as a physician” and desist in his “expensive researches after in- 
sects, and his experiments of that kind, he would neither supply 
him with money or cloaths; and to shew he was in earnest, he 
immediately deprived him of the means of pursuing what he 
had begun.” 

In 1674 when he was thirty-seven years old, Swammerdam 
finished his treatise on bees. About this time he “conceived a 
distaste for worldly affairs’ and came under the influence of 
Antonia Bourignon, the Flemish mystic and Pietist (1616-1680) 
who seems to have dominated him for the remainder of his life. 
It was she who advised him to reject the offer of the Grand Duke 
of Tuscany of 12,000 florins for the purchase of his entomological 
collections. This offer was made through Swammerdam’s life 
long friend, Stenson, the famous physiologist, and was contingent 
on Swammerdam’s removing to Florence where “life would be 
easy and agreeable” and entering the Catholic Church. But 
Swammerdam put these Latin temptations behind him and re- 
jected the offer “as the greatest indignity that could be offered 
him.” After 1675 he “renounced all thoughts of human affairs, 
to think of nothing but his spiritual concerns, which he imagined 
he could not so well promote in any other manner, as by going to 
confer personally with Bourignon.’”’ He disposed of his collections 
and retired from the world until his death which occurred on 
February 17, 1680 when he was but forty-three years of age. 

The friendship for Stenson, the controversy with his father, 
and the relationship with Antonia Bourignon seem to have been 


Boerhaave, op. cit. Unless otherwise indicated all biographical references 
are to this work. 
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the important external influences in Swammerdam’s life. The 
preoccupation with religion and the tendency towards mysticism 
which marked the final years of his life, were in conflict with the 
objectivism of his scientific inquiries. Boerhaave records that 
Swammerdam possessed a “temperament of the melancholy kind”’ 
and gives some indication of his inner struggles. 


“His treatise of Bees was formed amidst a thousand torments and agonies 
of heart and mind, and self-reproaches, natural to a mind full of devotion and 
piety. On one hand his genius urged him to examine the miracles of the great 
Creator in his natural productions, whilst on the other, the love of that same 
all-perfect Being deeply rooted in his heart, struggled hard to persuade him, 
that God alone, and not his creatures, was worthy of his researches, love and 
attention. The distress of mind of our author felt upon this occasion, was so 
severe that as soon as he had finished his book upon Bees, he put it into the 
hands of another, without knowing or giving himself the least concern about 
what might become of it.’’* 


The enormous industry of Swammerdam is indicated by the 
magnitude of his collections as described by Boerhaave. 


“These treasures consisted chiefly of insects and anatomical preparations 
from human subjects. . . . Our author alone had collected near three thousand 
species of insects, that had no relation one to another, and had examined every 
one of them, and disposed them all in classes according to their real and natural 
characters; he had even dissected many of them with that skill and dexterity 
peculiar to himself, and having with unwearied dilligence traced them through 
every the least period of their change from the egg to the Butterfly, faithfully 
recording all his observations, taking care at the same time to prepare and 
keep by him the minute originals as incontestable vouchers of his indefatigable 
industry in examining them. . . . He used himself to hatch, in a manner found 
out by, and only known to himself, the little eggs of insects, in order to discover 
the obscure manner of the existence of their first rudiments, the progress of 
these rudiments to life.” 


CoNTRIBUTIONS TO NERVE-MUSCLE PHYSIOLOGY 


The conceptions of Swammerdam’s contemporaries regarding 
tha nature of the agencies which effect muscular action were 
highly speculative. Crude notions of a rarefied substance (‘ani- 
mal spirits’) which was transmitted along the nerves and inflated 
the muscles were held by Van Helmont and Willis. These concep- 
tions—inherited from Galenic physiology—were presented by even 
so shrewd an observer as Descartes in his treatise On Man which 


Op. cit., ix. In the Sapte Universelle, it is recorded that on one oc- 
casion Swammerdam burned 
"Boerhaave, op. cit., x. 


his writings on which he could lay his hands. 
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was published in 1662. Few of the phenomena of integrative 
behavior had been demonstrated before the 17th century; and, 
although the muscles and nerves were recognized as the chief 
instruments in this behavior, the mode of their action was mys- 
tery. 

The existing ignorance and the extreme difficulties of these 
problems were recognized by Swammerdam. He discusses these 
difficulties at the beginning of his study of muscular action in the 
frog.8 

“How important and difficult it is to explain the real causes of muscular 
motion, is sufficiently evident from numerous experiments; which though made 
by very ingenious men yet have not hitherto discovered its true nature. The 
great utility and foundation of further knowledge, which we should acquire 
from that discovery, lie yet involved in the thickest clouds of obscurity” 
(p. 122). 


He notes the numerous problems, the solution of which was 
essential to the complete understanding of the nature of neuro- 
muscular action. The chief among these are concerned with the 
structures involved, i.e. the nature of the neuro-muscular junc- 
tion,” the structure of the muscular fibers, the structure of the 
veins and arteries attached to the muscle, and the nature of the 
connective tissue in the muscle. He admits the impossibility of 
the immediate solution of these difficulties, but, quite properly, 
he undertakes the task of descriptive observation of the phe- 
nomena of muscular response to stimulation of the nerve. 

He begins by presenting his experiments which demonstrate 
the essential agency of the nerve in muscular action. After ob- 
serving that ‘‘whenever the nerves of living bodies are handled, 
there is immediately observed a considerable motion in the mus- 
cles to which they are sent,’’ he describes his experiment with 
an excised frog’s muscle. 


“Another very delicate and useful experiment may be made, if one of the 
largest muscles be separated from the thigh of a Frog, in such a manner as to 


Unless otherwise noted the quotations are taken from the essay on ‘“Ex- 
periments on the particular motion of the muscles in the Frog, etc.,” which 
is found in Part II of the Biblia Naturae, 122-132. 

"This phrase is not Swammerdam’s, of course. His text runs as follows: 
‘“«. . . it merits particular consideration in what manner the nerve is actually 
joined to the muscle; how it is constructed in the muscle; what is its course, 
entrance, middle distribution, and end; as also how it communicates with the 
moving fiber, and what effect it produces in it; also what that very subtle 
matter properly is which is undoubtedly conveyed to the muscle through the 
nerve.” A truly inclusive list of questions! 
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remain unhurt. For if, after this, you take hold of each tendon with your 
hand, and then irritate the propending nerve with scissors, or any other instru- 
ment, the muscle will recover its former motion, which it had lost. You will 
see that it is immediately contracted and draws together, as it were, both 
the hands, which hold the tendons. This I formerly (in the year 1658)” de- 
monstrated to the most illustrious the now reigning Grand Duke of Tuscany, 
when he graciously vouchsafed to pay me a visit. This experiment may be 
repeated in the same muscle, as long as any part of the nerve remains unhurt; 
and we can thus make the muscle contract itself, as often as we please” (p. 123). 


This experiment, which is illustrated with lettered drawings, 
is the prototype of the nerve-muscle preparation which has be- 
come a standard demonstration of the physiological laboratory. 
Not content with the mere demonstration of the neuro-muscular 
response, Swammerdam desired to know “in what degree the 
muscle thickens in its contraction, and how far its tendons ap- 
proach toward each other.” He developed a technique which 
closely approaches modern graphic methods of recording mus- 
cular contractions. 


“We must put the muscle into a glass tube, and run two fine needles through 
both its tendons, where they had been before held by the fingers; and then 
fix the points of those needles, neither too loose nor too firmly, in a piece of 
cork. If afterwards you irritate the nerves you will see the muscle drawing the 
heads of the needles together out of the places; and that the belly of the muscle 
itself becomes considerably thicker in the cavity of the glass tube, and stops 
up the whole tube, after expelling the air. This continues till the contraction 
ceases, and the needles then move back into their former places; and the belly 
of the muscle, parting again from the tube, affords a free passage for the air 
through its cavity” (p. 123). 


The next problem which our investigator faces has to do with 
the nature of the processes in the nerve. He rejects the notion, 
held by his contemporaries, of a rarified substance, called ‘animal 
spirits’ on several grounds. (1) The muscle continues to respond 
when the nerve is stimulated long after the whole preparation 
is cut off from the spinal cord, although the animal spirits are 
presumably “dissipated, or grown weak, after many times dis- 
charging their duty; and when there is not further communication 
between the nerve, brain, and marrow.” (2) Even after the 
muscle is cut and the fibers are separated from each other, they 


Tt is possible that this date should be 1668. Boerhaave notes in the Life 
that the Duke of Tuscany “being then in Holland with Mr. Thevenot, in order 
to see the curiosities of the country, came to view those of our author. ... On 
this occasion Swammerdam made some anatomical dissections of insects in the 
presence of that great Prince.” 
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continue to move when the attached nerve is irritated. (3) The 
hypothetical animal spirits would have to be inconceivably fine 
to pass through ‘‘those very fine fibrillae, which constitute the 
nerves.”” (4) The muscle shows no increase in bulk when con- 
tracted. 


The last point was given experimental proof by Swammerdam. 
Using both the excised frog’s muscle and the excised heart, he 
demonstrated by the plethysmographic technique that there is 
no increase in volume of the muscle when the attached nerve is 
stimulated. As Fulton points out,?! Swammerdam’s experiment 
probably anticipated that of Glisson by several years, although 
it is the latter who is usually credited with this discovery. 


Swammerdam summarizes his conclusions regarding animal 
spirits together with his hypothesis regarding the nature of 
nervous action as follows: 


“Therefore, I would have it seriously considered, that it cannot be de- 
monstrated by any experiments, that any matter of sensible or comprehensible 
bulk flows through the nerves into the muscles. Nor does anything else pass 
through the nerves to the muscles; all is a very quick kind of motion, which is 
indeed so rapid, that it may be properly called instantaneous. There the 
spirit, as it is called, or that subtile matter, which flies in an instant through 
the nerves into the muscles, may with the greatest propriety be compared to 
that most swift motion, which, when one extremity of a long beam or board 
is struck with the finger, runs with such velocity along the wood, that it is 
perceived almost at the same instant at the other end; nay, that it is further 
propagated through the nerves into our muscles; and thus produces various 
motions in them” (p. 124). . 


Swammerdam confesses his inability to explain the exact 
nature of the action of the nerve on the muscle. He suggests, 
however, a “coarse similitude’”’ between the action of muscles 
and that of certain plants. 


“TI might conceive it effected in the same manner with the alterations visible 
on handling, or touching ever so gently the parts of the Herba Impatiens, called 
Touch me not, or podded Ars Smart, or the Balsamita alteria of Fabius Co- 
lumna; the part of which plant being extended according to the course of two 
or three nervous or herbaceous fibers, in consequence of any momentary irri- 
tation, most suddenly contract, and the pods burst”’ (p. 129). 


21J, F. Fulton, Muscular Contraction and the [i Control of Movement, 
1926. In the “Historical Introduction” he says: “Swammerdam’s use of an 


excised muscle was, in addition, more convincing than Glisson’s demonstra- 
tion with the intact human arm; moreover, the method employed by Swam- 
merdam is that still used in physiological class rooms.” 
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Swammerdam next concerns himself with the question of the 
origin of nervous action, 7.e. where is the “‘beginning of that natural 
irritation, stimulus or provocation of the motion, thus communi- 
cated to the muscles through the nerves?” The principle of this 
irritation is regarded as being in the spinal cord and all the nerves 
of the body. They are in a state of perpetual irritation and the 
muscles are in a state of continuous contraction brought about,” 
according to Swammerdam, by the “continual impulse of the 
arterial blood upon the marrow and nerves.” 


On VoLuntTARY ACTION 


Swammerdam does not indulge in metaphysical speculation 
and pious dogmatizing, so dear to the hearts of his contemporaries, 
regarding the nature of the ‘soul’ as the seat of reason and the 
source of voluntary action. He deals with the problem from a 
point of view which will be recognized as distinctly modern. 


“T would have it particularly observed, that I admit no essential difference 
between the natural and spontaneous contraction of the muscles, and that 
performed by the will. I consider this difference as merely accidental; but, 
because we move all these muscles, which we move voluntarily, in a contrary 
direction; that which is said to be essential in the contraction of all muscles, 
is a natural contraction” (p. 125). 


Voluntary motion is impossible unless we “have the power of 
determining the natural motion of the antagonists to the con- 
trary side.” Where there are no antagonistic muscles, voluntary 
motion is impossible. The nature of this ‘determination’ gives 
rise to a discussion of involuntary action which is significant in 
the light of the concept of reflex action presented by Descartes 
a few years before.” 


“Wherever the power of the antagonist is equal, there is observed no 
motion of the muscles, and all things are in both in equilibrio, until there arises 
another determination, which, causing one muscle, to be contracted somewhat 
more strongly than another, at length moves our limbs. Such a determination 
may proceed from various causes. 

If, for example, a man’s skin be very gently rubbed and irritated with a 
hair doubled several times; I often observed, that the motion of the antagonist 
muscles of the arms and hand was immediately determined; so that the person 
instantaneously, as it were, unknown to him, has put his hand to the place 
where he felt the titillation, and then scratched the skin until he made it red, 


2Borelli and others had referred to the phenomenon of tonus. 
23Passions of the Soul, 1649. 
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imagining that it was probably occasioned by a Flea, or some other insect. But 
when I stopt, his hand and arm rested likewise, because the natural contraction 
was then equal in all the muscles. If the same experiment be made on sleep- 
ing dogs and cats, it is likewise observed, that a determinate motion is produced 
in the muscles which move their skin; and therefore it is pleasant to see them 
suddenly draw it up, pricking up their hairs, and sometimes shaking them in 
their sleep” (p. 125-126). 


The contraction of the pupil of the eye when it is irritated by 
a “particle of light,’’ and the peristalsis of the intestines “in pro- 
portion to their contents” so that their contractions ‘“‘resembles 
that of the sea, whose waves follow and mutually press upon one 
another,’”’ belong to the same category of action. 

All manner of motor automatisms may take place without the 
will ‘‘as is manifest in our walking, standing, and making use of 
our hands: for we certainly move our limbs almost every moment, 
without reflecting in the least upon what we do.’’ These actions 
are explained in mechanical terms, i.e. without any metaphysical 
‘cause.’ 

“It is for a similar reason, that, when we find ourselves too near the fire, we 
retire to a greater distance from it, and put our limbs, by means of various 
motions, into their former posture, without attending in the least to what we 
do; but merely in consequence of the impression made upon us by the irritating 
object. From hence it appears, that we can never be truely said to move vol- 
untarily, unless when the will is put in motion by the object; and then by its 
own motion produces a third; for whenever the light happens to be too strong 
we shut our eyes, turn our head aside, and give ourselves many other motions, 
as we are variously excited to them by the objects that present themselves” 


(p. 131). 


These facts “abundantly prove” that a voluntary movement 
is never produced except as it is preceded by a “determining 
principle.” Since the muscles are in a “perpetual state of con- 
traction,” the “least degree of determination” is sufficient to 
actuate the body in a “thousand different ways.’”’ This “deter- 
mining principle” may be a thought ‘merely casual,’’ a dream 
“‘presenting itself before us in the night,’”’ or some pattern of 
physical stimuli (the “object”? in Swammerdam’s terminology). 

Swammerdam draws a parallel between the train of our images 
and the continuity of muscular motions. He says: 


“Thus, with regard to external objects, we often salute a person we meet, 
merely because another in our company takes off his hat, or because we are 
affected by such external object, though we do not know who the person is 
we have saluted, nor so much as think of our saluting him. For this reason 
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therefore it is plain, that as our memory is local, and is assisted by the image 
of one thing in passing to that of another, and so on without end, the contrac- 
tions of our muscles are in like manner natural; and the muscles themselves 
are urged by one cause of motion to another, and from this to a third, and so 
on without any interruption” (p. 131). 


We are, perhaps, scarcely justified in interpreting Swammer- 
dam’s “Principle of Determination” in terms of present day 
‘determining tendencies,’ but his discussion of volition is vigorous 
and, on the whole, consistent with the point of view of modern 
psychology. 

In Swammerdam’s discussion of the direction of the motion 
in nerves, he foreshadows developments in neural physiology a 
hundred years later. He notes that the “motion produced in the 
muscle by irritating the nerve, is always propagated out of the 
larger into the smaller branches, and goes afterwards continually 
descending.”” The nerves issuing from the spinal cord above a 
stimulated point are not affected when a lower point is stimu- 
lated—the twitching of the muscles serving as an indicator. This 
is a partial recognition of the principle of segmentation in the 
spinal cord. The functioning of the sensory nerves is also dis- 
cussed. 

“The nerves designed for the senses are circumstanced in a quite different 
manner; for in these, the sensitive motions, doubtless, tend upwards. In order 
to contract any muscle, it is necessary that its nerve be irritated in the region 
above the muscle, or at its insertion into it; since that motion never tends up- 
wards, but always downwards” (p. 125). 

We have here a vague anticipation of the nervous arc—a con- 
cept elaborated by Descartes, Whytt and Bell. 

Swammerdam concludes his essay by pointing out the com- 
plexity of the factors involved in every muscular contraction. 

“It would be necessary for us to consider the atmosphere, the nature of our 
food, the blood, the brain, marrow, and nerves, that most subtile matter which 
instantaneously flows to the moving fibers, and many other things, before we 
could obtain a sight of the perfect and certain truth” (p. 131). 


On InstTINCT 
Throughout Swammerdam’s studies the comparative point 
of view is apparent. This is illustrated in his observations on the 
sex behavior in insects, the phenomena of metamorphosis and 
life cycles of insects, and the anatomical studies. The following 
quotation illustrates his mode of interpretation of insect behavior. 
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“From these considerations it therefore follows, that among Bees there is 
no wiser regulation than among domestic fowls; for they have their natural 
desire to sit; they make nests, and nourish their young, being compelled thereto 
by such laws as they cannot avoid nor suppress by any rational principle; 
because they are impressed on them by the eternal law of nature. These little 
insects are under as great necessity to perform all these actions, as the winter 
is to follow the summer. The only difference among several kinds is, that some 
execute these functions in a manner more convenient, more orderly, and more 
agreeable to reason than others. This appears chiefly in the Bees, and hence 
there is no authority for the prevalent and common opinion that the govern- 
ment of Bees is carried on with the scepter of prudence and judgment, under 
law, and with rewards and punishments; for in truth all that order which we so 
much, and not without reason admire, is impelled by nature, and is only de- 
signed for the propagation of their species.’ 


ON THE EXPERIMENTAL METHOD 


Swammerdam’s discussion of the nature and limits of the 
experimental method at the conclusion of Part II of the Book of 
Nature is striking in language and significant in its psychological 
implications. He points out that we cannot know ‘first causes’ 
but only appearances in nature. 


“T may hence, for certain, conclude, that all the knowledge and wisdom of 
philosophers, consists merely in an accurate perception of these elegant appear- 
ances or effects. For this reason, we should strenuously endeavor to make our- 
selves well acquainted with these appearances, and then draw from them firm 
rules and principles; otherwise as I have hinted in my preface, we may easily 
lose our way, and stray into the paths of error, as disputing on nature, which is 
quite inexhaustible, without sufficient experiments, which, on such an oc- 
casion, are as necessary to find us a path, considering with what darkness of 
ignorance we are surrounded, as a staff to the blind.”’* 


Reason, alone, is an inadequate guide to truth. Reasoning 
which does not terminate in experiment is “idle and vain,” what- 
ever “syllogisms and enumerations people may think proper to 
build them upon.” Reasoning follows observation, but the indi- 
vidual may be said only to have true knowledge when he can 
reproduce what he has observed. 


“T believe we shall find it not unjust to dignify with the name of reason 
that faculty of our minds, by the assistance of which, we form clear and dis- 
tinct notions of things, whilst we make proper use of our senses in sufficient 
experiments, so as to be able afterwards to effect exact copies of the originals 
we have thus endeavoured to be thoroughly acquainted with. For this reason 


% Book of Nature, Part I, p. 170. 
%Op. cit., p. 135-6. 
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it is, that our idea of any thing is said to be more or less clear and distinct, 
according as we can produce another thing more or less like it; and are there- 
fore said to have more or less the power of it. This being granted, it should 
follow, that we have no clear, distinct or perfect knowledge of any things, 
except of such as we can truly and effectually produce.’’* 


By making the proper use of our senses, we may “from the 
things we see, gather sufficient information concerning those that 


we cannot.”’ 


SUMMARY 

Swammerdam reflected the spirit of his time in that he re- 
garded the body of man as a machine, and he was filled with an 
intense enthusiasm to exemplify the findings of physics and me- 
chanics in its structure and functioning. Boerhaave states that 
Swammerdam often “wished for a year of perpetual heat and 
light to perfect his inquiries, with a polar night to reap all the 
advantages of them by proper drawings and descriptions.” It is, 
perhaps, no small loss to science that such energy was submerged 
in the struggle with the ‘practical’ minded father and found 
eventual outlet in the sterile fanaticism of religion. From the 
point of view of physiological psychology, Swammerdam’s most 
important contributions are in the field of neuro-mucular mechan- 
isms in relation to voluntary and involuntary movement. These 
may be summarized as follows.” 

(1) The essential agency of the nerve in muscular contraction 
received careful experimental verification. That the stimulation 
of the nerve causes the muscle to contract, was not, of course, 
an original discovery of Swammerdam’s. This investigator, how- 
ever, introduced a quantitative and graphic method for the study 
of the response of the excised nerve-muscle preparation. 

(2) Swammerdam showed experimentally the inadequacy 
of the animal spirits hypothesis. 

(3) He was probably the first to show experimentally, using 
an excised muscle, that there is no increase in bulk during the 
muscle contraction. 

(4) He discussed voluntary action from an objective and 
comparative point of view rather than as a problem in meta- 


*Tbid., 135-6. 
_ ™No attempt has been made in this paper to evaluate the notable contribu- 
tions of Swammerdam to ertomol and general physiology. He was, for 
be a ny - first to describe the red blood corpuscles, the valves of the iym- 
phatics, etc. 
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physics. This is remarkable in view of the contemporary dis- 
cussions and in view of his own later preoccupation with religious 
mysticism. 

(5) He attempted to bring both the phenomena of voluntary 
and involuntary action under a single neuro-muscular principle. 

(6) He suggested the importance of the spinal cord in neuro- 
muscular action, especially in connection with segmentation. 
Implied in this there was a rather vague idea of the nervous arc 


concept. 
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THE GRAPHIC METHOD IN PSYCHOPHYSICS 
By W. N. Ketxoae, Columbia University 


Although it might be generally assumed that an extended application of the 
graphic method to psychophysical judgments would prove unwieldy and value- 
less, the writer, who has recently had occasion to work out a technique for 
obtaining thresholds from kymograph records has found, on the contrary, 
that it is not only workable but in addition surprisingly effective in the elimina- 
tion of many common sources of error. To our knowledge, the only previous 
attempt to record psychophysical judgments graphically appearing in the 
literature is reported in a study by Stephanovitch done under Wirth in 1912.1 
This investigator obtained graphic readings for Average Error adjustments 
but did not get a complete register of judgments for the Method of Constant 
Stimuli or the Method of Minimal Change. Moreover, the mechanism used 
in procuring his tracings was quite elaborate while that here described is sim- 
pler and permits the taking of readings directly from the shellacked records 
without the use of conversion formulae. Provision is also made in the present 
technique for its extension to any of the psychophysical methods. 

The method was originally devised for the determination of differential 
thresholds for light intensity on a photometer,? but it seems to be readily 
adaptable to any apparatus which can be arranged for reading judgments on a 
linear scale. Galton Bar records obtained from comparisons of lengths of 
lines or sound intensity thresholds read from the scale attached to a coil rheostat 
are examples of possible applications to standard apparatus.’ Even the classi- 
cal lifted weight experiment with slight modifications offers possibilities for 
graphic recording. 

MetHop 

Manner of obtaining curves. Our records were obtained with the use of an 
ordinary Stoelting kymograph, operated horizontally. The principal writing 
point, which slid from side to side across the kymograph drum, was fastened 
by means of a horizontal extension arm to the movable lamp of the photometer 
which produced the different intensities of the variable stimulus. Two elec- 
tromagnetic writing points recorded judgments from the S’s right and left 
hand keys respectively, and a time marker, registering in sec. or 1/5 sec., 
traced the time record. One additional electromagnetic pointer was added to 


1J. Stephanovitch, Untersuchung der Herstellung der subjektiven Gleichheit 
bei der Methode der mittlere Fehler, unter Anwendung der istriermethode, 
Psychol. Stud. 8, 1912, 77-116. 

2In connection with an investigation under the direction of Professor R. S. 
Woodworth, who made the original suggestion regarding a graphic application. 

3H. M. Halverson (Tonal volume as a function of intensity, this JouRNAL, 
35, 1924, 360-367) and E. G. Wever and S. R. Truman (The course of the audi- 
tory threshold in the presence of a tonal background, J. Exper. Psychol., 11, 
1928, 98-112) obtained sound intensity thresholds in terms of such a scale. 

‘In using a Galton Bar the extension arm would attach to the scale pointer 
(fastened to the movable part of the bar) which normally records Galton Bar 
readings. With a rheostat scale, the connection could be made to the sliding 
contact point which alters the intensities of the sounds. 
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the record for the Method of Constant Stimuli when it was desired to get 
measures of the S’s reaction-time. This pointer recorded the instant that the 
stimulus pairs were exposed and the duration of each exposure. 

Different types of curves. Sample kymograph records obtained in each of the 
methods are represented in Figs. 1, 2, and 3. For all of these Figs. the direction 
of movement of the kymograph drum on which the records were traced, is 
from right to left, and therefore the tracings are to be read from left to right. 
The upper line (t) is the time line, and (R) and (L) are the lines made by the 
writing points operated by S’s telegraph keys. (C) is the center line corre- 
sponding to objective equality between standard and comparison stimuli, and 
the irregular lines approaching and crossing this center line are produced by 
the principal writing point on the extension arm attached to the variable 
stimulus. 

(1) Method of Average Error. In Fig. 1, 6 settings by the Method of 
Average Error are presented, 3 in which the variable setting was at the start 
‘greater’ than the standard and 3 in which it was ‘less’ than the standard. 
The S’s own settings are recorded in the curved lines. The final reading or 
deviation is measured from the center or standard line (C) and can be obtained 
if desired (with the aid of a magnifying glass) to quarters of a millimeter or 
even finer.’ The key for the upper marker has been pressed by S to indicate 
the completion of each adjustment. Only one key is used and consequently 
the (L) line is recordless. 

(2) Method of Minimal Change. With this method (Fig. 2) S uses both 
his keys, while the stimulus line records the variations produced by EZ. The 
right key, (R) line, indicates judgments of equality with reference to the 
variable and standard stimuli and the left one (L) the point of just noticeable 
inequality or J.N.p. The variable stimulus is moved at a constant speed either 
by the experimenter or by a mechanical arrangement. Threshold readings are 
obtainable in millimeter units by measuring the perpendicular distance from 
the line of the variable stimulus to the center line at the point where the S’s 
key records his judgment. i 

(3) Method of Constant Stimuli. The line marked (F)—(Fig. 3)—is 
produced by the electromagnetic marker which records the instant the constant 
stimulus pairs are presented and the duration of the presentations. S judges 
‘greater’ (or ‘brighter’ or ‘louder’) by pressing one key and ‘less’ (or ‘darker’ or 
‘weaker’) by pressing the other. During the intervals between presentations 
the experimenter adjusts the apparatus for the ensuing stimulus pair. 

In the step-like curve drawn by the extension arm in Fig. 3 there are seven 
constant stimulus pairs; the sequence of this seven is repeated about four and a 
half times so that 32 judgments in all are registered. In 3 out of every 7 judg- 
ments, the comparison stimulus is objectively greater than the standard; in 3 
it is less; and in the one remaining the standard and comparison stimuli are 
objectively equal. A horizontal direction (in Fig. 3) of the comparison stimulus 
line represents the period during which the pointer remained at a setting for 
one of the steps in question. It will be noted that the horizontal settings in 
each case overlap a depression of the (F) line indicating the exposure of the 


‘Taking measures from the graphic records is ordinarily not greatly dif- 
ferent from measurement of fatigue curves — and about as time consuming. 
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stimulus pair to which the setting corresponds. The vertical lines are made 
when the pointer is shifted from the setting for one stimulus pair to the setting 
for the next, i.e. when the apparatus is being adjusted for the presentation of 
the following stimulus pair. 

The markers and keys are so wired that a correct judgment for a setting 
of the comparison stimulus line on the right side of the center line is paralleled 
by the depression of S’s marker on the same side of the (C) line. Similarly for 
the left side of the (C) line. Incorrect judgments can consequently be read 
directly from the record. There are 6 wrong judgments (excluding stimulus 
pairs of objective equality) in the sample record. 

A kymograph record of 100 judgments is convertible into ‘percentages 
correct’ within a few moments. 


Advantages of the technique. Some of the more important advantages which 
may be claimed for graphic registration in psychophysics are the following: 

(1) Considerably more data are obtainable from the records. 

(a) In the Method of Average Error, for example, (1) the number of re- 
versals in each setting may be obtained; (2) the type of adjustments that S 
makes, independent of their accuracy (e.g. whether they are of a positive, 
hesitant, consistent, fluctuating sort) can be ascertained; and (3) the number 
of momentary pauses made during each setting and the duration of these 
pauses are registered. 

(b) Time records are easily obtained for any of the methods without the 
necessity of introducing accessory apparatus. Hence data are directly avail- 
able for relating the time taken to judge with the accuracy of the judgments. 
In the Method of Constant Stimuli further relationships between time and 
objective difficulty of the stimulus pairs can be determined. 

(2) The judgments are registered automatically and immediately by S, 
who simply presses two telegraph keys. In preliminary work with 12 Ss, all 
found this method of judging more objective, faster, and less confusing. 

(3) Eis free to devote his entire attention to the apparatus. 

(4) E’s reaction-time is eliminated from certain phases of the Method of 
Minimal Change and the Method of Constant Stimuli, where it formerly was 
an uncontrollable source of error.® 

(6) The original records made by S can be gone over and checked at leisure. 
This is decidedly not the case when judgments are hastily written down by 
an experimenter who is dividing his time (as in the Methods of Constant 
Stimuli or Minimal Change) between the two tasks of recording what S says 
and adjusting the apparatus or making scale readings. In the latter case the 
S’s original record, being verbal, can never be checked, and errors made by the 
E in registering it are credited to S. 


®A specific illustration may be taken from the ordinary technique used with 
the Method of Minimal Change. EF, engaged in changing the variable stimulus 
at a uniform speed, stops it when S says ‘equal.’ The scale reading of the 
judgment is then read at the point where the variable stimulus was stopped, 
and no account made of the latent period (H’s reaction-time) between 
the S’s ‘stop’ and the actual arresting of the apparatus. With the graphic 
application, however, no stop need be made by E at all. The stimulus is con- 
stantly moving and S registers the positions of ‘just equal’ and ‘just notice- 
ably greater’ judgments by pressing his keys. 
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MINOR STUDIES FROM THE PSYCHOLOGICAL LABORATORY OF 
CORNELL UNIVERSITY 


LXXIV. Tue Formvta For THE INTENSIVE GRADATION or 


By Witu1am B. Gritman and Kart M. 


Our object in the present study is to test the formula h« (32 —c) + 3(w—33) 
—in which h stands for the intensity of heat sensation, 32 and 33 for the tem- 
peratures in degrees centigrade of the extremes of the zone of indifference, 
c and w the temperatures of the cold and warm stimuli respectively, and 3 for 
a constant by which the warm stimulus-value is weighted—that Burnett and 
Dallenbach recently offered as an equation of the stimulus-differential for the 
intensive gradations of the sensation of heat aroused by warm and cold stimuli. 

The stimulus-temperatures that Burnett and Dallenbach used in their 
study gave, as calculated by their formula, a very irregular series of differential 
values.2_ Not only were these values unevenly distributed over the experimental 
range (10 of the 16 values were concentrated in the middle of the range), but 
the steps between successive values varied greatly in size (from 0 to 9 units). 
The stimulus-temperatures, from the point of view of the differential values 
computed by the formula, were poorly selected. 

We purpose in this study to repeat the earlier work, using stimulus-temper- 
atures and stimulus-combinations that give differential values, as calculated 
by the proposed formula, which are evenly distributed and equally spaced 
throughout the experimental range. 


APPARATUS AND PROCEDURE 

We used the same apparatus and procedure that Burnett and Dallenbach 
used in their study. 

Apparatus. Two temperature grills, each consisting of two systems (one 
cold and one warm) of small copper tubing, were used as stimulators.? The 
temperatures of the systems, controlled by constant temperature water-baths, 
were 12°, 13°, 14°, 17°, 18°, 19°, 20°, 24°, 25°, and 30°C for cold; and 34°, 37°, 
40°, and 43°C for warm. The temperatures were used in combinations that 
gave differential values, as computed by the formula which we proposed to test, 
ranging by steps of 5 from 5 to 50. The 10 stimulus-combinations thus selected 
are given in Tables I and II. The grills were so arranged that the right-left 
relation could easily and quickly be changed. 


for publication February 1, 9. 
C. Burnett and K. M. Dallenbach, Heat intensity, this JouRNAL, 
40, 128, 484-494. 
op. cit., 493. 
’For a description see N. C. Burnett and K. M. Dallenbach, The experience 


of heat, this JouRNAL, 38, 1927, 419. 
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Procedure. The method of paired comparisons was again employed. 
Every stimulus-combinations was compared with itself and with every other 
stimulus-combination in the two space orders. Thus 100 comparisons were 
given by every O. When the systems of each grill had been brought to the 
desired temperatures, the Os were called in separately. Seated before the 
grills, O, at a signal from E, placed his forearms upon them, volar surfaces 
down, and compared the intensities of the heat sensations aroused. No time 
limit was imposed; as a general rule, however, all the Os found the judgments 
easy and returned them quickly. 

When all the Os had given their judgments upon a particular pair of stimu- 
lus-combinations, FZ interchanged the grills, thus altering the space order, and 
the Os were again called in. This procedure was repeated throughout the 
course of the experiment. 

Instructions. The following instructions were given the Os at the beginning 
of every experimental hour. 

“At the signal ‘now,’ place the volar surfaces of your forearms upon the 
grills before you. Relax and keep the pressure of your arms as constant as 
possible. Report which of the two grills, if either, is the hotter. If they are 
equally hot, report ‘equal;’ if only one is hot, designate it; if neither is hot, 
report that fact.” 

Observers. The Os were Miss Estelle Doniger (D), Miss Eleanor Lowen- 
stein (L), and Mr. John S. Riedel (R), all senior undergraduates majoring in 
psychology. They were’naive in the observation of heat and they served with- 
out knowledge of the problem other than that given them in the instructions. 


RESULTS 


The accompanying tables show the results of the study. Table I gives the 
crude data. The boldface diagonals give the results of the Os’ judgments when 
the various stimulus-combinations were compared with themselves. The data 
below the diagonals show the stimulus-combinations that were judged ‘hotter’ 
in the first space order, i.e. Grill I at the left and Grill II at the right; the data 
above the diagonals, the results in the second, reverse space order. The num- 
ber of the combination judged the ‘hotter’ in every comparison is set down 
in the table; ‘no’ represents the experiments in which no heat was experienced, 

An examination of Table I shows that the judgments were not materially 
affected by space order. D reported the more intense heat 43.5 times at the 
left and 40.5 times at the right;* L, 38.5 and 45.5 times; and R, 40 and 46 times. 
The differences between the numbers are small (—3, +7, and +6 respectively 
for D, L, and R) and are, we believe, due to chance. The results of the com- 
parisons of the various stimulus-combinations with themselves confirm in 
general this belief. In the 10 comparisons of identical stimulus-combinations, 
D reported the left as the more intense once and the right twice; L, the right 
and left 3 times each; and R, the left once and the right 5 times. R may have 
been slightly disposed toward the right, but there is certainly little indication 
of a space error in the results of D and L. 


‘Equal judgments were counted as 0.5 for each side. 
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TABLE I 
Crupe Data, SHow1NnG For Every ComPARISON THE StiMULUS-COMBINATION 
THAT WAS JUDGED ‘HOTTER’ 
Boldface diagonals give the results when the various stimulus-combinations 
were compared with themselves; data below diagonals give the results 
of the comparisons in the first space order, above onal the 
results of the comparisons in the second space order 
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Table II, comparable to Table VI in the earlier study, shows the data in 
the two space orders, arranged and classified according to the size of the stimu- 
lus-differentials used in this experiment. The differential values appear in the 
table in descending rank order under the caption ‘Stimulus-differential.’ 
Opposite these values, in the columns to the left, appear the stimulus-tempera- 
tures that were used to produce them; and in the columns to the right appear 
the number of times that ‘hotter’ reports were returned by every O for the dif- 
ferent temperature-combinations, together with the rank orders of the tempera- 
ture-combinations as determined by these reports. An examination of the 


5Op. cit., 493. 
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rank orders shows that they follow very closely the rank order determined by 
the stimulus-differential as computed by Burnett and Dallenbach’s formula. 
The correlations, as calculated by the method of rank differences,* are 0.960 
for D, 0.943 for L, and 0.897 for R. These correlations are high (surprisingly 
so when it is recalled that our Os were relatively untrained in observation), and 
they indicate that the intensity of the sensation of heat aroused by warm and 
cold stimuli varies, also under our conditions, according to the formula h« 
(32 — c) + 3(w — 33).? 


TABLE II 


Ssowine THE Usep IN THE EXPERIMENT, THE 
CALCULATED BY THE PRoposED FORMULA 
ARRANGED IN Rank ORDER, AND THE CORRELATION OF THE 
Os Reports THEem 


Observers 
= D L R 
Stimulus- aS 

as 8 | 3 | 2 | 

Temper- 
atures |No. | & 4 3 
2 e168 ele 
12°+43°| 1 oO I 17 I 17 I 17.S I 
17°443° 2 a 2 16 2 16 2 15.5 2 
13°+40°| 3 | 40 3 15 3 12.5 3 14 3 
18°+40°| 4 | 35 4 II 4 II 4 13 4 
14°+37°| & | 30 5 5 7 4 7 5 7 
19°+37°| 6 | 25 6 8.5 5 8.5 5 4 8 
24°+37°| 7 | 20 7 5.5 6 8 6 7 5-5 
20°+34°| 8 | 15 8 3 8.5 | 3 8.5] 7 . 
25°+34°| 9 | 10 9 3 8.5 I 10 I 9.5 
30°+34° | 10 5 10 oO 10 2 8.5 | I 9.5 

r= 0.960 0.943 | (0.897 


This conclusion receives further confirmation from the fact that the rank 
orders of the Os’ reports correlate more closely with the rank order of the 
stimulus-differentials than they do with each other. D’s and L’s reports give 
a rank order correlation of 0.972; L’s and R’s, a correlation of 0.882; and D’s 
and R’s, a correlation also of 0.882. The average correlation among the Os 
is 0.912. The average correlation of the Os’ reports with the stimulus-dif- 
ferentials is 0.933. The difference between these averages is not great—and we 


= 1 — [62D?/n(n? — 1) 
'This i, said, only when and where the physiological 
zero or zone of indifference falls between 32° — 33°C. When the zone of in- 
difference has other limiting values, those values should be substituted. Specific 
values should not be set to the zone of indifference if the formula is to have 
general validity. A generalized formula would read: h« (x — c) + 3(w — y) 
where z and y represent respectively the lower and upper limits of the zone o 
indifference. Whether this generalized formula will hold, future experiments 
can alone determine. 
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should not have expected it to be great, since all the Os were judging tive same 
scale of differential values—but the fact that it lies in a direction favorable 
to the correlations with the stimulus-differentials indicates that the stimulus- 
differentials and not some other common factor determined their reports. 
Had the result been otherwise, i.e. had the Os’ reports correlated more closely 
among themselves than they did with the rank order of the stimulus-differ- 
entials, we should have suspected the presence of other factors. Similar results 
were obtained in the earlier study, though the authors did not compute or 
present them. The average correlation of the reports of the Os among them- 
selves is, in that study, 0.882; whereas the average correlation of their reports 
with the stimulus-differentials, as those values were computed by this formula, 
is 0.895. The difference again is small, but again it lies in the direction favor- 
able to correlations with the stimulus-differentials. 


SuMMARY 


In order to test the formula proposed by Burnett and Dallenbach for the 
intensive gradations of heat aroused by warm and cold temperatures, we 
selected 10 temperature-combinations that gave a uniform and regular series 
of differential-values, as calculated by the formula, and compared the intensity 
of the resulting heat sensations by the method of paired comparisons. 

We found (1) that the rank order of the temperature-combinations, as 
determined by the number of ‘hotter’ reports returned by the different Os, 
correlated very closely with the rank order of the differential values; and (2) 
that the rank orders of the Os’ reports correlated more closely with the rank 
order of the differential values than they did with each other. We feel justified, 
therefore, in stating that the formula hx(32—c) + 3(w — 33) is adequate 
under our conditions to the computation of the intensive gradations of heat 
aroused by warm and cold stimuli. 


LXXV. Distance From Point or Fixation vs. INTENSITY 
AS A DETERMINANT OF ATTENTION 


By C. L. Frrepuine and Kart M. DaLLENBACH 


In the series of studies on the determinants of attention that have been 
published from the Cornell Laboratory,! the stimulus-objects—visual areas of 


for February 5, 1929. 

1L Meads, Form vs. intensity as a determinant of attention, this Jour- 
NAL, 1 15, 150-151. 

J. N. Curtis and W. S. Foster, Size vs. intensity as a determinant of at- 
tention, ibid., 28, 1917, 293-296. 

A. M. Bowman, ize vs. intensity as a determinant of attention, ibid., 


31, 1920, 

K. allenbach, Position vs. intensity as a determinant of clearness, 
tbid., 1923, 282-286. 

Doris Dewey my K. M. Dallenbach, Size vs. intensity as a determinant of 


ibid., 1924, 121-125 
R. 8. Burke ‘an K Dallenbach, Position vs. intensity as a determinant 


of attention of left-handed observers, ibid. +» 35 1924, 267-269. 
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standard and variable illumination—have been placed at equal distances from 
the point of fixation. Though the authors of these studies did not know 
definitely what effect, if any, unequal distances would have upon attention, 
they kept their stimulus-objects at equal and constant distances from the 
fixation-point as a matter of sound technique. The problem that they thus 
ignored, or rather avoided, was taken as the subject of this study. We wished 
to know definitely whether distance from point of fixation was a determinant 
of attention; whether, to be specific, a stimulus-object near the point of visual 
fixation was more or less attention compelling than one further removed. 


METHOD 


We employed the method used in the earlier studies. Two stimulus-objects, 
alike in every respect except distance from point of fixation and intensity of 
illumination, were compared for their attentional value by determining the 
objective intensity at which they were reported equally attense (clear, vivid). 

Apparatus and procedure. We used the exposure apparatus that had been 
developed in the Cornell laboratory for the study and equation of the con- 
ditions of attention.2 The O sat in a dark room in a light-proof booth, with 
his head held firmly by a biting board which was so adjusted that the fixation- 
point, I m. away and I mm. in diam., would fall, if extended, between his 
eyes. Circular stimulus-areas, 3 cm. in diam., were located on the horizontal 
axis on a black field and on opposite sides of the fixation-point at distances, 
as measured from the inner edges of the areas, of 11 cm. and 17 cm. respectively. 
The length of the exposures was, as in the earlier studies, approximately 0.1 sec. 

One of the areas, the standard, was kept at a constant intensity, i.e. at 
16% of the light that could, within the limits of the apparatus, fall upon it. 
The intensity of the other area, the variable, was varied according to the 
requirements of the experiment. 

The position of the area of standard intensity was varied—in haphazard 
order—from near to far, and also, because of the large space error involved 
in these experiments,’ from right to left. In Series 1 the area of standard 
intensity was 11 cm. to the right of the fixation-point and the area of variable 
intensity was 17 cm. to the left; in Series 2 the standard intensity was 11 cm. 
to the left and the variable was 17 cm. to the right; in Series 3 the standard 
was 17 cm. to the left and the variable 11 cm. to the right; and in Series 4 the 
standard was 17 cm. to the right and the variable 11 cm. to the left (cf. Fig. 1). 

After a preliminary series of experiments by the method of limits, which 
were made in order to determine the stimulus-intensities required for the vari- 
able by every O in every one of the 4 series of experiments, the main experi- 
ments were performed by the method of constant stimulus-differences. 

Instructions. The following instructions were read to the Os at the begin- 
ning of every experimental hour. 

“At the signal ‘Ready’ fixate and attend to the spot of light before you. 
At ‘Now’ two circular areas, one on each side of the fixation-point, will be 


2K, M. Dallenbach, An apparatus for the study of the conditions of clear- 


ness, this JOURNAL, 34, 1923, 94-95. 
3K. M. Dallenbach, Position vs. intensity as a determinant of clearness, 


ibid., 34, 1923, 282. 
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exposed. Report which, if either, is the more clear. Give the position of the 
clearer as ‘right’ or ‘left,’ whichever the case may be; or, if they are equally 
clear, report ‘same.’ If you are uncertain say ‘doubtful.’ ” 

The experiments in which ‘doubtful’ was reported were, without O’s knowl- 
edge, immediately repeated. 

At the beginning of every observational period a ‘warming-up’ series of 10 
experiments was given the Os. They did not know, however, when this series 
ended and the regular series began. The Os were allowed frequent rests during 
the series, but we were nevertheless able to obtain 10 series of from 5 to 7 
experiments each—depending upon the number of variable stimuli used— 
during every period. We planned 50 series for every one of the 4 positions of 
the standard area. 

Observers. We used 3 Os, but we were unable, owing to the length of the 
experiment and the shortness of the term,‘ to complete the experiments with 
two of them.’ The O, Miss Ruth Burke, who completed the experiments, was 
trained in the observation of attensity and familar with the work.*® 


RESULTS 


The results for the O who completed the work are shown in Table I, which 
gives for every one of the four series of experiments the percentage of illumi- 
nation necessary for the variable area to be reported equal to the standard 
in attensity (clearness, vividness). The results are also shown diagram- 
matically in Fig. 1. 


TABLE I 


SHOWING THE PERCENTAGE OF ILLUMINATION NECESSARY FOR THE VARIABLE 
To EquaL THE STANDARD IN ATTENSITY 
(STANDARD AT 16%) 


Relation of Variable Percentage of Precision 
Series to Fixation-Point Illumination 
Position Distance (L) (h) 
I left 17 cm. 21.58 0.05 
2 right 17 cm. 28.21 0.03 
3 right II cm. 10.25 0.13 
4 left Il cm. 9.79 0.12 


The data show that the area 11 cm. away from the point of fixation re- 
quires less illumination than the area 17 cm. away in order to be judged equal 
to it in attensity. This relation obtains, as shown in the second and third 
columns of Table II, in every one of the four series of experiments as well as 
in the averages for the entire experiment. 


‘This study was made during a summer term of six weeks. 
5These Os were untrained and inexperienced, consequently a short prac- 
tice series in the observation of attensity had to be given them. This delayed 
us, but we should easily have completed the required number of experiments 
had not illness and the pressure of the term examinations made it necessary 
to excuse them. 

6This O had previously conducted a similar experiment; cf. footnote 1 above. 
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The differences are large and significant, and they warrant the conclusion, 
in so far as we may be justified in drawing conclusions from the results of one 
O, that distance from point of fixation is a condition of visual attention. The 
stimulus-object close to the point of fixation has, by virtue of its nearness 
alone, an attentional advantage over a stimulus-object further away.?7 The 
near object need not be as intense as the far object in order to equal it (the 
far object) in attensity. 


Fig. 1. SHOWING THE PERCENTAGES OF ILLUMINATION AT THE DIFFERENT 
DISTANCES AND POSITIONS THAT WERE JUDGED EQuALLY ATTENSE 


TABLE II 


SHOWING THE PERCENTAGES OF ILLUMINATION FOR THE DIFFERENT DISTANCES 
AND DIFFERENT Positions THaT WERE JUDGED EQuaLLy ATTENSE 
Distance of Stimulus-Area Position of Stimulus-Area 
Series from Fixation-Point from Fixation-Point 
II cm. 17 cm. Left Right 
16.00% 21.58% 21.58% 16.00% 
16.00% 28.21% 16.00% 28.21% 
10.25% 16.00% 16.00% 10.25% 
9.79% 16.00% 9.79% 16.00% 
Av. 13.01% 20.45% 15.84% 17.62% 


The data also show that the position to the left of the fixation-point has 
an attentional advantage, thus corroborating the results of Dallenbach.*® 
The stimulus-area to the left, as shown by the averages in the last two col- 
umns of Table II, requires less illumination than the area to the right in order 


7This is probably due to differences in retinal sensitivity. We were not, how- 
ever, interested in this study in determining the cause of the difference, we wished 
merely to determine whether there was a difference. 

8Dallenbach, op. cit., 285 f. 
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to be judged equally attense. The effect of position is obscured in the results 
of the different series by the effect of distance from fixation, but it becomes 
evident when distance is cancelled out by averaging. The position to the left 
requires an illumination of 15.84%, that to the right an illumination of 17.62% 

The fact that the effect of position is obscured in the results of the different 
series, and that it shows itself only when the effect of distance from point of 
fixation is averaged out, indicates that ‘distance’ is, under our conditions, 
a stronger determinant of attention than ‘position.’ 

Summary. The results of this study show: (1) that distance from point of 
fixation is a determinant of attention; (2) that stimulus-objects near the point 
of fixation have an attentional advantage over objects further removed; and 
(3), in corroboration of earlier results, that position is also a determinant of 
attention. 
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Reaction-Keys AND A New TECHNIQUE FOR READING-REACTIONS 


By Simcen K. Cuov, Stanford University 


Titchener listed no fewer than 20 varieties of reaction-keys of all types 
depending upon the mode of the reacting movement.! Of voice-keys there are 
Cattell’s, Roemer’s, Wundt’s, and Libby-Baldwin’s; of eye-keys there are the 
eyelid-key listed by Zimmermann and the Dodge pendulum reaction-key; Cat- 
tell’s lip-key, Meumann’s biting-key, Kraepelin’s speech-key, and Jastrow’s 
speech-key are all adapted for vocal reactions; and Moldenhauer’s smell- 
stimulator is akin to a reaction-key. By far the most extensive reaction-move- 
ment and that which yielded the greatest number of reaction-keys is the finger 
movement. The key ordinarily employed for this mode of reaction is the 
telegraph-key. Wundt had the early modified form; Zimmerman listed a simple 
form; Jastrow described the press-key; Ranschburg’s key, Ewald’s rocker, and 
Scripture’s multiple key permitted double or multiple contacts and instan- 
taneous make and break. All these types make use of one finger only. Dessoir 
introduced in 1892 the thumb-and-finger key.? ‘In its original form, it con- 
sisted of two hard rubber rings, fitted with contacts and binding posts, and 
shaped to slip over O’s thumb and finger; the range of movement was limited 
by two inelastic bands fastened to the rings on either side.’ Scripture modi- 
fied Dessoir’s key and described his modification in several places.‘ 

Trace described “‘a new tapping instrument” which was developed in the 
Stanford laboratory after “about a year’s experimentation.’’® In describing 
the apparatus Trace says, “The instrument is light and small, . . . can be raised 
or lowered to meet the needs of the reagents; it can be used in either the hori- 
zontal or the vertical position.”* Trace evidently was not aware of Titchener’s 
comment, ‘‘Dessoir remarks that his thumb-and-finger key ‘in jeder Beziehung 
sehr bequem ist.’ ’’? She seemed to be unaware also of Scripture’s modification. 
Noticing that the rate of the thumb-and-finger key is much slower than the 
tapping board and key, so that changes in rate and character of tapping and 
fatigue may be easily noted, Trace pointed out that “this introspective phase 
is a valuable addition to the tapping experiment.’’* Scripture wrote in 1893 


1K. B. Titchener, Experimental Psychology, Quantitative Experiments, 
Instructor’s Manual, 1905, 349-351. 

2M. Dessoir, Uber = autsinn, Arch. f. Physiol., 1892, 311. 

’Titchener, op. cit., 

4E. W. Scripture, Sud, Yale Psychol. Lab., 1, 1893, 88; Thinking, Feeling, 
Doin ig eeone The New Psychology, 1898, 121-122. 

Hel ace, A new tapping instrument for laboratory use, this JouRNAL, 


30, 42 425,426. 


"Titchener, op. cit., 355. 
Trace, op. cit., 426. 
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aes of his modification of Dessoir’s thumb-and-finger key: ‘‘While using this key 

Bee in an exercise on the rapidity of tapping movements of the finger we found that 

et we had the means at hand of making new investigations on the time and 

i extent of voluntary movement. All previous work in recording taps had been 

done with an ordinary telegraph-key by which only the moment of the ex- 

tremity of the downward movement was recorded. By simply connecting the 

binding-posts of the cross-piece and the fixed slide to one end of the circuit and 

the post of the movable slide to another, a record was made of the downward 

extreme, the upward extreme and the period of rest at each extreme. More- 

over, the adjustment of the fixed slide gave any desired extent for movement.’ 

“TSG Trace did not say that her statement that the rate of the thumb-and-finger 

key is much slower than the rate of the tapping board and the telegraph-key 

was based on direct experimental comparison. The writer made a direct com- 

parison at the suggestion of Dr. Franklin Fearing in the summer of 1926 be- 

SS tween the two rates of tapping on the ordinary telegraph key and the Stanford 

er ie thumb-and-finger key. A pendulum time-marker was first calibrated and 

then used to time the two modes of tapping with the ordinary kymographic 

technique. The right index finger was used in the ordinary key tapping and 

the thumb and index finger were used in the thumb-and-finger key tapping 

with the key in the vertical position. The writer obtained on himself 40 series 

of 30 sec. each in 5-sec. intervals (Wells’ series) for each of the two modes of 
tapping. The following table shows the result: 


TABLE I 
aie SHOWING THE RESULTS OF THE Two Mopss oF TAPPING 
. Intervals of 5 sec. 
Key Series Ist 2nd 3rd 4th 5th 6th 
Ist 20 20.3 19.3 18.7 17.2 17.3 16.9 


Telegraph 2nd 20 22.9 23.1 42.3 22.9 a6.7 21.5 
i Av. 21.6 21:2 20.5 19.6 19.5 19.2 
Thumb- Ist 20 23.5 22.4 21.4 19.6 
a and- 2nd 20 24.1 23.2 22.0 21.8 21.4 20.2 
finger 
; Av. 23.8 23.5 22.2 21.5 21.4 19.9 


ee Contrary to Trace’s casual mention, my direct comparison definitely shows 
5 that the rate of tapping is decidedly faster in the thumb-and-finger key than 


ise : in the ordinary telegraph key, as is evident from the means of the two experi- 
tC ments of 20 series each. This is even more apparent in the first experiment of 
Ce 20 series, although in the second experiment the rate of tapping in the thumb- 
Si and-finger key drops below that of the telegraph key from the third interval 


on. This is, however, in accord with Trace’s contention that fatigue is more 
easily noted in the thumb-and-finger key. Although the fatigue effect during 
the first experiment of 20 series was practically the same in both keys, it drops 
decidedly during the second experiment in the telegraph key; so that the 
average fatigue-index in terms of percentage loss of the number of taps in the 


°E. W. Scripture and J. M. Moore, A new reaction-key and the time of 
voluntary movement, Stud. Yale Psychol. Lab., 1, 1893, 89-90. 
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last interval over the first is much less. The average fatigue-index for the 
thumb-and-finger key is 16.40%, while that for the telegraph key is 11.44%. 
In other words, the telegraph-key single-finger reaction is much more sus- 
ceptible to improvement than the double thumb-and-finger reaction. The 
double-finger reaction is much less variable. My reports also show that in the 
one-finger reaction much more intense kinesthesis was felt, and that it required 
far greater effort as the tapping went on. In the case of the two-finger reaction, 
however, there was almost nothing extraordinary, the fingers coming together 
and pulling apart as a matter of course. 

In discussing the reaction-movement, Titchener remarked: “Practically 
all those who have worked with the lip-key have noted a tendency to pre- 
mature reactions; the lips are often opened before the reaction proper is made.’’!° 
The writer noted a like tendency to premature reactions even in the ordinary 
telegraph key employed in his new Quadrant Tachistoscope™ in connection 
with a series of investigations on the reading of Chinese characters. The S 
is required to press the key down to open the quadrant shutters of the tachis- 
toscope either vertically or horizontally for the two corresponding arrangements 
of reading material, and to hold it there as long as he is reading, but to lift 
his finger as soon as he is through reading, the reading time being marked by a 
stop-watch. Although most of the Ss adjusted perfectly to this new type of 
reading-reaction, there were a few who seemed to be troubled by it because 
not infrequently they lifted or rather slipped their finger off the key and 
hence closed the window thus destroying their view. While perhaps the 
antagonistic downward pressure which Titchener reported in all muscular 
reactions"* may be present when S is about to lift his finger to close the window 
after reading (although there is no such introspective report from any S), the 
premature lifting reaction from the key is not quite comparable with the pre- 
mature reaction in the lip-key, because here a much more complex perceptual 
reading-reaction is involved. Since this method of requiring S to hold down 
the key as long as he is reading (in order to open the shutters of the tachisto- 
scope exposing the reading material) is a new approach in the technique of 
recording reading-reactions, a word or two about its theoretical nature may be 
offered here. 

The usual method of recording the speed or rate of reading is to obtain the 
total time in reading a passage and then to find the average rate in terms of 
words read per sec. by dividing the total number of words by the total time. 
The efficiency of reading is thus noted in terms of amount done in unit time, 
rather than of time required for reading a unit amount of material. The de- 
parture of the method adopted by the writer in his series of investigations on 
the reading and legibility of Chinese characters by means of his new quadrant 


10Titchener, op. cit., 355. 

ug. K. Chou, A quadrant tachistoscope for studying the legibility of Chinese 
characters, J. Exper. Psychol., 12, 1929, 178-186. : 

2S. K. Chou, Reading and legibility of Chinese characters. I. The in- 
fluence of reading-direction and character-position upon speed of reading, 
ibid., 156-177. 

13E, B. Titchener, op. cit., 351. Cf. R. D. Williams, Experimental analysis 
of forms of reaction-movement, Psychol. Monog., 17, 1914, (no. 75), 102, 128, 
136, 148. 
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tachistoscope exactly reverses the ordinary procedure, by taking sentences of 
seven characters as a unit amount of material to be read and recording the 
reading time for every unit. The theoretical justifications for this procedure 
may be mentioned. 

In the first place, as Woodrow pointed out when he used reaction-time as 
the measure of degree of attention, a small amount in a given time does not 
allow enough room, so to speak, to let the lower extreme of ability have free 
play. ‘Efficiency can not be adequately measured by the amount done in a 
given time. Paradoxical as it may sound, the time required to do a given 
amount is a much more adequate and accurate measure than the amount done 
in a given time. In measurement by amount done, poor efficiency is not given 
sufficient chance to display itself. If a person is rather poor and so accomplishes 
only a small amount in a given time, there is, so to speak, lack of room for a 
great absolute decrease in this amount done, no matter how much worse the 
individual becomes. There is no limit on the other hand to the increase in 
time that he may require to accomplish a given amount of work. There is 
infinite room for the time to become longer.’’ 

In the second place, analogous to Woodrow’s general law of detraction, the 
effect of factors such as reading-direction and character-position upon the 
speed of reading Chinese cannot be ascertained if efficiency be measured by 
words read per sec. For example,” the fastest reader (9W) read on the average 
5.36 words per sec. under the most favorable combination of leftward reading 
of upright characters, and 4.24 under the least favorable combination of right- 
ward reading of upside-down characters; the slowest reader (1W) read on the 
average 2.11 and 1.87 respectively. If we take the absolute decrease of num- 
ber of words read per sec. as the detrimental effect of a certain combination 
of reading direction and character-position, then the slowest reader would be 
less affected, as his decrease is 0.24 words, while that of the fastest reader is 
1.12 words. As a matter of fact, reader gW took 1.306 sec. to read the seven 
characters under the most favorable combination and 1.650 sec. under the least; 
while reader 1W took 3.312 and 3.738 respectively. If now we take the in- 
crease in reading time as a measure of the influence of a certain combination of 
reading-direction and character-position, the slowest reader would be much 
more affected, as his increase in time is 0.426 sec., while that of the fastest 
reader is only 0.344 sec. 

In the third place, the taking of the reading reaction-time as a unit amount 
for measuring the speed of reading has the further advantage of securing a large 
number of reaction-measures for statistical treatment in evaluating the various 
effects of various factors which influence the speed or efficiency of reading 
Chinese. The effect of such factors as reading-direction, character-position, 
temporal-spatial sequence and half-character on the efficiency of reading, 
cannot be adequately determined by recording the total time for reading a 
passage and then artificially breaking the passage into words read per sec., 
because statistically this representative measure is not sound since it is in no 


( ~ Woodrow, The measurement of attention, Psychol. Monog., 17, 1914, 
no. 76), 13. 

16S. K. Chou, Legibility of Chinese characters, influence of reading-direction 
and character-position upon the speed of reading Chinese by means of a new 
quadrant tachistoscope, Stanford Univ., Unpubl. Diss., June, 1928. 
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sense & central measure of any distribution of separate measures, but an ab- 
straction in divisable units from a single measure of larger unit. A single time 
measure of any passage is more influenced by the total content than by any 
specific factor that is introduced in the manner of reading or in the arrange- 
ment of characters, and hence can not be taken as an index of the effect of the 
latter; much less when it is artificially divided into shorter time units. 

Returning to the premature lifting of the finger from the key controlling 
the shutters of the tachistoscope, it may be pointed out that this procedure 
of requiring S to press down the key while he is reading constitutes exactly 
what Woodrow" called the detraction method. He distinguishes the detraction 
method from the ordinary distraction method by the fact that a distractor 
unavoidably implies the idea of division or tearing asunder of attention, while 
the detractor simply lowers the degree of attention. Reading with the finger 
pressing down the key all the time so as to keep the window shutters open is 
certainly lowering the degree of attention, since this pressing down of the 
finger is an unavoidable state of one of the conditions of attention, as any un- 
favorable preparatory interval is. A simultaneous pressure upon the key re- 
sults in a prolongation of the reading reaction-time, just as the unfavorable 
preparatory intervals would, because of its effect as detractor of attention. 
On the other hand, there is reason to believe that it may be at the same time 
an intensifier of attention. The reader knows that so long as he is holding 
down the key he is free to read whatever is exposed in the tachistoscope, but 
as soon as there is the least roaming of attention his finger is liable to slip off 
from the key thus closing the shutters and destroying his view. This is perhaps 
the only interpretation of the fact that while the majority of the readers adapted 
to the situation perfectly without the slightest indication of being distracted 
by the pressing down of the finger, there were several who seemed to need 
extra concentration on the finger. One reader lifted his finger from the key 
as many as 23 times during the whole course of an experiment consisting of 
128 reading-reactions, another 15, and still another 10 times. These readers are 
personally known to the writer as belonging to the ‘nervous’ type. For the 
more stable readers, the pressing down of the finger becomes so automatized 
that they are no more aware of the fact while they are reading than they are 
of their walking while thinking. The reader rather than the £ is required to 
open the shutter in this particular technique because by so doing the fullest 
degree of attention is secured; since the reader would not press down the key 
even after the signal unless he were perfectly ready to read. The key is pressed 
down all the time during reading and is not to be released until the reader 
finishes his reading, instead of being pressed down once for opening, the shutter 
being allowed to stay open, or the HZ being allowed to close it, because this 
kind of reaction actually keeps the S on the alert all the time, a slight roaming 
of the attention being sufficient to break the circuit, thus closing the window 
and destroying the field of view. The simultaneous voluntary maintenance 
of the exposure of the tachistoscope during the reading reaction is, therefore, 
at least a check upon, if not an intensifier of, the attention of the observer. 


16Woodrow, op. cit., 9. 
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A Vacuum TuBE For STABILIZING THE CURRENT DuRING 
MEASUREMENTS OF THE GALVANIC REFLEX 


By Roxanp C. Davis, Columbia University 


In galvanometric work it is usual to compensate for large variations of 
current through the subject and to measure small ones. The circuit repre- 
sented in Fig. 1 is intended to keep the current constant during large and small 
resistance variations and allow the changes in voltage drop to be measured.! 
(Voltage drop would not affect polarization if current is independent of it.) 
S is placed in the plate circuit of a vacuum tube as a convenient means of 
obtaining a resistance in series with him, that is high relative to his own. The 
filament of the tube is heated in the usual manner by a 6 v. storage battery A, 
acting through the filament rheostat R. The grid of the tube is kept at a 


A 
90- 


Fie. 1. GALVANOMETER Vacuum TuBE 


negative potential by means of the battery and potentiometer C;. Variation of 
this potential will, of course, determine the size of the plate current flowing 
through the S. This current is supplied from the battery B, and measured by 
the instrument Ms. The current can be set at a given value by means of the 
potentiometer C,, and will remain fixed. 

For instance, using a plate supply (B) of 50 v., and an available bias of 9 v. 
(C,) on a UX-201 A tube, the plate current can be set at 0.05 milliampere. 
It can be seen, then, that the total resistance of the circuit must be 1,000,000 
ohms. If S is about 25,000 ohms, a change of 10% in him would cause a 
current variation of only 0.2%. The potential would fall along the current 
in proportion to the resistance. If 50 v. are used through a resistance of 


*From the Psychological Laboratory of Columbia University. 
1This device was designed with the help of Professor S. L. Quimby, of the 
Department of Physics, Columbia University. 
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1,000,000 ohms, the drop across an S of 25,000 ohms would be 1.2 v. A decrease 
in resistance would decrease voltage drop in proportion. This voltage is led 
to the grid of an amplifier tube. 

A variable opposing §.M.F. C2 is inserted to keep the amplifier tube oper- 
ating on the straight part of its characteristic (as indicated by the recording 
instrument, Mr). The plate current of this tube, determined by the voltage 
on the grid, is led through the measuring instrument (Mr), with or without 
further amplification. 


A FortHer MopiricaTION OF THE SANFORD CHRONOSCOPE 


By Forrest L. Druuick, Hobart College 


Everyone who has occasion to use the Sanford pendulum chronoscope is 
aware of certain disadvantages inherent in the instrument, not the least of 
which is the impermanent and variable nature of the mode of suspension of the 
pendulums. Students in the elementary laboratory are unable to adjust the 
threads accurately in a reasonable time and even after adjustment is attained 


Cao} » 


Fig. 1. SHowine THE MopIFICATIONS OF THE SANFORD CHRONOSCOPE 


it lasts for only a short time. It is customary to have the student check the 
accuracy of the pendulums at the beginning of every laboratory period, but 
in the writer’s experience, the relative accuracy of the original adjustment 
does not last much beyond fifty reactions. To overcome this particular diffi- 
culty we have worked out the following modification in the Hobart Laboratory 
(see Fig. 1). 

We removed the brass arm which carries the pendulums and substituted a 
flat piece (A) of the same length and 1/2 in. by 3/16 in. Through this new 
arm we drilled two tapered holes (B) 1/4 in. to 1/2 in. in line with the two re- 
lease buttons. At a distance of 5/16 in. on both sides of these holes we made 
shallow conical pits (C). At the top of each pendulum bob we drilled and 
tapped a 1/8 in. hole and into it fitted a 1/8 in. brass rod threadea at both 
ends. The upper end of the rod we passed through one of the holes in the 
supporting arm and into a cross arm (D) which carries two adjustable points 
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(e). These points fit exactly into the depressions on either side of the hole. 
When the pendulum is adjusted to its proper length it swings freely and with- 
out friction on its point bearings. With this type of suspension, a pendulum 
will swing much longer than with thread suspension. 

The introduction of the brass rod in place of the threads raised the centers of 
gravity of the pendulums. This necessitates lengthening them a little. We 
have found it sufficient to introduce a 1/16 in. washer at the base of the ver- 
tical column to assure the clearance of the longer pendulum. Also, because of 
the rigidity of the pendulum it is necessary to use a double link between the 
bob and the release clamp. 

The writer has found that this modification, which is a return to the prin- 
ciple originally used by Sanford,* retains its accuracy of adjustment over long 
periods. The first instrument which was altered in this laboratory to try out 
the arrangement was in perfect adjustment after two months. Following this 
pattern, a local mechanic rebuilt three others at a total cost of $9.75 and 
constructed six new ones for $35.00. 


A Smmpuiriep ELECTROMAGNETIC AESTHESIOMETER 


By Princeton University 


Electromagnets are often used in aesthesiometric work for the determina- 


tion of small and precise temporal intervals.!_ The models designed by Benussi? 
and Wirth* are representative of those used for two-point stimulation. There 
are two difficulties, however, in the use of these models. First, it is difficult to 
eliminate all vibration, impact and noise if the stimulus point is thrust on the 
skin by the make of the current‘ or by the release of a spring.’ Secondly, it is 
often impossible to compare or duplicate the intensities of the stimulations 
because they are measured by the strength of the current.* 

The aesthesiometer shown in Fig. 1 was designed by the writer to eliminate 
sound and jar.’ The instrument consists of a solenoid within which an iron 
plunger is held suspended as long as the circuit is completed through the coil. 


*E. C. Seated, A simple and inexpensive chronoscope, this JoURNAL, 3, 
1890, 174-181. 

1The ‘actual stimulus’ (no. 23283) made by C. H. Stoelting is an example. 

av. ~ jf. d. ges. Psychol., 
29, 1913, 385; K. M. Dallenbach, nohapt, this JouRNAL, 34, 1923, 90-92. 

Klomm, Uber die Wirkeamkeit kicinster Zeitunterschiede Gebietes 
des Tastsinns, Arch. f. d. ges. Psychol., 50, 1925, 207. 

‘Benussi = Stoelting; also, H. E. Burtt’s apparatus, J. Exper. Psychol., 
2, 1917, 372 I. 

5As in Wirth’s sogeenions cf. Klemm, op. cit., 207. 

6A. K. Whitchurch, (this JouRNAL, 32, 1921, 478) improved this situation 
by using Von Frey hairs. The writer (J. Exper. Psychol., 10, 1927, 298) allowed 
the stimulus point to fall by gravity so that the intensity could be measured 
in grams, but the fall, determined by the magnetic pull on a suspension rod, 
involved a disturbing vibration. 

’This instrument has been constructed by Mr. Wm. Habada at Princeton 
University. The above references illustrate the use and control of this in- 
strument. 
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When the circuit is broken the iron plunger (i.e. the stimulus-point) descends 
upon the skin by gravity. The intensity of the stimulation is determined by 
detachable brass slots (grooved so as to be fastened with a set screw to the 
iron plunger above its inner bend). Slots weighing up to 10 grm. can be em- 
ployed with a current of 10 v. if the dimensions shown in Fig. 1 are used. With 
weights of 5 grm. or less a 7 v. current is sufficient, and this current can be 
maintained for an experimental hour without unduly heating the coil. The 


SIDE VIEW 
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-Brass plate (diam., 1-1/8”) 
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Coil 
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stimulus-point is set out to the edge of the solenoid so that the points of two 
such aesthesiometers may be brought together for a zero spatial separation. 
The brass guide-rod prevents the iron plunger from pivoting around, and the 
nut at the lower end of the guide-rod prevents the plunger from falling out al- 
together when the current is broken.* While the plunger and appended weight 
are permitted a maximal excursion of more than half an inch, the plunger 
properly should not fall more than half a millimeter to the skin so that the 
skin will merely be pressed and not struck with a jarring impact. The small 
excursion is determined by the amount of rubber sponge which is transfixed 
on the upper portion of the guide-rod. 

8The single rod (diam., 1/16 in.) inserted through a hole in the iron plunger 
obtains far greater silence than a U-shaped rod embracing the plunger. 
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BOOK REVIEWS 
Edited by JosrrH Peterson, Peabody College 


Psychology as Science; Its Problems and Points of View. By H. P. Wxtp. 
New York, Henry Holt & Co., 1927. Pp. vii, 297. 

Professor Weld has sought out ‘“‘uniformities and tried to put the differences 
in perspective so that psychology considered as science may be viewed as a 
whole,” and has included chapters on general psychology, differential psychol- 
ogy, facts and theories of the abnormal, animal experimentation and inter- 
pretation, mental development in the animal series and in the individual, social 
psychology, and psychotechnology. 

This attempt to bring uniformity into the bewildering fields of modern 
psychology is highly praiseworthy. Weld’s survey of these fields has revealed 
ability and discretion in knowing what to omit and what to include. But the 
author really should have expanded his materials into two separate works. 
Into one might have gone the critical discussion of science and general psy- 
chology; into the other, the survey of the special fields of psychology, social, 
abnormal, animal, and applied. With the contents and manner of presentation 
of the latter no one could have taken reasonable exception. It might even 
have come to be looked upon as a model of its kind. With the former, however, 
Weld himself would surely be the first to realize that disagreement would be 
considerable. To argue that such and such data are the only proper subject- 
matter for psychology is to precipitate controversy. It is exactly such an 
argument that Weld offers in the first half of his book, and it is with this argu- 
ment that I find it impossible to agree. The contents of the second part of 
the book would have been much more effective if they had been separated off 
from the argument of the first half, for the two really have very little to do 
with each other. Weld presents at the beginning an elaborate defense and 
definition of existential psychology, and then proceeds to occupy himself with 
a psychology which is flatly and unequivocally empirical, in his sense of the 
term. The reader who attempts to unite two such disparate views will find 
himself baffled. 

It appears, according to Weld, that the history of science reveals two diver- 
gent trends, one which makes prediction and control its aim, and another 
which confines itself to observation and description. The former, the tradi- 
tional conception of science, starts with a world of various kinds of objects 
distinguished by common sense, and attempts by the method of induction to 
explain its subject-matter, to predict future occurrences, and to bring the 
world under control for the use of mankind; the latter, the critical conception 
of science, starts with the whole world of experience and then divides it into 
aspects by assuming towards it various points of view. Critical science ac- 
cumulates facts by observation and description. It cannot, in the popular 
sense of the word, explain these facts, nor does it aim to predict their recur- 
rence or to use them for practical purposes. Critical science is disinterested. 
It seeks knowledge merely for its own sake. 
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In the history of psychology one may discern two trends which run roughly 
parallel to the traditional and critical conceptions of science, viz., empirical 
and existential psychology. Like the traditional conception of science em- 
pirical psychology arrogates to itself certain objects of investigation to the 
exclusion of others, allows questions of practical value and conduct, and notions 
of good and bad, ugly and beautiful, etc., to permeate its observations, hastens 
from observation to induction in order that it may find some possible explana- 
tion of its facts, and tries to determine how and when its events will recur so 
that it will be possible to exercise control over mind in nature. On the other 
hand, existential psychology, paraliel to critical science, has been exceedingly 
difficult to shape and to clarify. Its goal is the pursuit of knowledge for its 
own sake without reference to practical ends and utility. Hence uses, conduct, 
values, and meanings are rigidly excluded from its domain. Its subject-matter, 
the whole world of experience as viewed from the angle of an experiencing 
subject, is carefully observed and described, but no attempt is made to explain 
it. Like critical science, it seeks only to generalize and to correlate its findings, 
and its correlations turn out to be in the nature of logical relations to the ner- 
vous system. What then precisely is the subject-matter of psychology? “If 
psychology is to be a science in the critical sense,” says Weld, “it must of 
necessity be limited to the description of sensory experience. This follows from 
the fact that, since behavior as such is already subject-matter of biology, no 
other subject-matter of psychology at large is, in the critical sense, observable. 
Existential psychology must, therefore, be a study of sensory experience; 
everything else it must ignore.” 

This position, if not exactly untenable on logical grounds, seems to the 
reviewer at least indefensible in view of the richness and complexity of mental 
life. It smacks too much of an a priori definition of mind in terms of limitations 
and exclusions fixed by an artificial conception of what science should and 
should not so. I shall confine my objections to a few points. 

Even existential psychology is not wholly faithful to the notion of so-called 
critical science, for critical science is said to take the whole world of experience 
and to look at it from various angles. The angle for existential psychology is 
determined by the experiencing individual as he looks upon the whole world of 
experience. But then we are told that existential psychology ignores every- 
thing but sensory material. All values, uses, meanings, activities, functions, 
etc., are left out. But, surely, nowhere else in the world are values and mean- 
ings so readily discoverable as in the direct experience of a human being—and 
yet they have no place in critical psychology. It would seem that the existen- 
tialist has here slipped into the error of traditional science which regards the 
general body of science as consisting of a number of single and separate sciences, 
and a science as dealing with a particular subject-matter. Existential psychol- 
ogy deals with sensory process exclusively. Meanings and values belong 
somewhere else. This sounds like traditional classification. 

Incessant iteration of the pronouncement that science deals with facts, 
not values, has worked much mischief in psychology. The elevation of the 
dogma to the position of an ecclesiastical canon derives, I suppose, from the 
marked ability with which physical science has succeeded by skillful methodo- 
logical tricks in isolating certain events from the interference of human judg- 
ment and prejudice. These events, since they are then thought of as existing 
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apart from human experience, are correctly regarded as susceptible of exami- 
nation apart from human valuation and preference. But when events which, 
by definition, are considered as depending upon an experiencing individual 
become the subject-matter of investigation, it must then naturally follow that 
the meanings and values with which individual experience is shot through at- 
tach themselves as integral properties of the events under observation. A 
value, if it is in human experience, is a fact. So is a meaning. As such, they 
both are just exactly as observable as sensory materials. Were it otherwise, 
how should we ever know that there were such things as values and meanings? 

Existential psychology, in line with the dictates of critical science, declines 
to offer an explanation of its facts. This refusal to explain is often qualified by 
reminding the reader that what is meant is explanation in the popular sense. 
Just what the difference is between scientific and popular explanation remains 
at times a bit obscure. Popular explanation is said to seek for causes, whereas 
scientific explanation seeks for correlates. Well, to drive a significant and 
clean-cut distinction between causes and correlates, if possible at all, is a 
task for the logician rather than for the scientist. In trying to avoid the 
dangers which lurk in the phrase ‘cause and effect’ existential psychology has 
come dangerously near to pouring out the baby with the bath water. To strip 
causal interpretations of their gratuitous assumptions about mystical forces 
is not by any means to give up the attempt to find the explanation of events. 
Science is as much interested today in the why of events as it was two hundred 
years ago. The principal change has been in the direction of refinement of 
technique and in a clearer understanding of what is meant by the so-called 
causal relationship. The assertion that one event is the cause of another turns 
out to be merely a way of saying that the two events, under the conditions of 
the experimental situation, are uniformly related in observation. The attempt 
of existential psychology to limit its task to pure description of bare sensory 
process strikes me as an almost futile piece of business, as far as the advance- 
ment of psychology is concerned; for it amounts to a flat proclamation that the 
conditions which are responsible for the occurrence of a given sensory datum 
(inasmuch as it is obvious that these conditions do not reside in the sensory 
stuff itself) are to be completely ignored. Existentialism admits the presence 
of a logical relationship (whatever that is) between sensory material and neural 
processes, but the implication is near at hand that the study of these relation- 
ships is more properly the task of empirical psychology. 

As a corollary of the disregard for explanation, existential psychology re- 
fuses to deal with prediction, for it is not the purpose of critical science to pre- 
dict events. But even if critical science confines itself to bare correlations it 
is already on the road to prediction. A correlation, to be of any scientific sig- 
nificance, must be stated in numerical terms. If the correlation is low then 
predictability is correspondingly low; if the correlation is 100% then pre- 
dictability is absolute. The one naturally follows from the other. 

My chief quarrel with existential psychology relates to the distorted picture 
which it offers of direct experience. I am heartily in agreement with it in 
believing that the subject-matter of psychology may very properly be defined 
as direct experience regarded as dependent upon an experiencing individual. 
But to maintain that direct experience is identical with meaningless sensory 
process strikes me as flagrantly contradicted by everyday observation. So 
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seldom do I bump into bare sensory stuff in my own experience (even under 
the artificial abstractions of laboratory observation) that I consider it very 
decidedly the exception rather than the rule. I find in my direct experience 
such things as houses, books, trees, fires, danger, prejudices, likes and dislikes, 
all sorts of values and meanings, and I note too, in direct experience, the re- 
sponses of my own body and the movements and activities of other organisms. 
All of these events, and many many others, spread themselves out in direct 
experience. It was a magnificent hypothesis that all of this rich and buzzing 
confusion could be analyzed down into sensory elements of consciousness. 
But the history of psychology has seemed to show pretty conclusively that 
the hypothesis was inadequate to the task. It will be salutary, I think, for 
psychology to cast off this hypothesis once and for all, if for no other reason 
than that adherence to it is likely to check a free and adventurous spirit of 
inquiry in a science which is too new and insecure to allow itself to be ham- 
pered by rigid rules as to what a science should and should not do. 

The objects of direct experience fall roughly into three groups; (1) stimulus- 
objects, or those events to which we ascribe an existence apart from our ob- 
servation of them; (2) mental objects (the name is immaterial), or those events 
which seem peculiarly to be our own private experience; and (3) biological 
objects, or the movements of our own bodies or the bodies of other individuals. 
All of these events or objects, as given in direct experience, are obviously related 
in some way to the operations of a nervous system. Hence it would seem reason- 
able to argue that the science of mind must concern itself with the interrelations 
among the above objects and with the dependence of these objects and their 
relations upon underlying neural processes. Any narrower definition runs the 
risk of excluding the examination of those very conditions which may play a 
part in determining the properties of the objects which fall within the definition. 


Harvard University Carrouu C. Pratr 


La causalité physique chez Venfant. By Jean Prager. Seventeen Col- 


laborators. Paris, Félix Alean, 1927. Pp. 347. 


This is a more detailed analysis of the child’s conception of the physical 
processes than the author’s earlier volume, La représentation du monde chez 
Venfant, published the previous year. The author and his students and former 
students present the reasoning of children as brought out by certain standard 
questions rather informally encountered in individual conversation with E. 
Three general methods are used: (a) The child is asked whether certain bodies 
or objects have force and why. (b) The child’s attention is directed to move- 
ments as of the clouds, of the parts of a machine, etc., and he is asked to com- 
ment on and explain them. (c) Certain simple physical experiments are carried 
out before the child and he is asked to explain what happens. This third 
method is less verbal than the others. It is said to have arisen from numerous 
experiences rather than from preconceived notions. We may make clear the 
method of the present investigation by some illustrations from the experiments 
relative to the nature of air. After some informal preliminaries, the following 
simple experiments are carried out, and the child’s reactions and explanations 
are skillfully drawn out: (1) In a small lid suspended by strings a sou is placed 
and the lid is rotated in a vertical plane. The child is asked why the sou does 
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not fall out. The experiment comes under air because the air and wind are 
found to enter into the child’s explanation. (2) Joining the hands by inter- 
locking the fingers and quickly bringing the palms together, E produces little 
puffs of air which the child notes and experiences with astonishment. He is 
asked to explain. (3) A hollow rubber ball with a small hole in it, is squeezed 
and made to produce jets of air against the child’s hand or cheek. It is again 
allowed to become inflated, etc. The child is asked where the air in the ball 
went, whence it came, and so on. (4) The first experiment is repeated but the 
rotation is now in the horizontal plane. (5) The child is asked to blow on his 
own hand. He is then asked whence the air came, how it got into his mouth, 
etc. Then follows an interrogation as to respiration. (6) This is entirely verbal. 
The child is asked where the wind comes from, how it gets started, etc. In 
the book numerous illustrations of questions and answers, and of the children’s 
reasonings are given. 

Other chapters deal, by similar methods, with the origin of the wind and 
of respiration; the movement of the clouds and of stars; currents of water and 
movements due to weight; and one chapter inquires into the child’s notion of 
force. On the basis of a useful suggestion by Claparéde, studies of the prevision 
of children as to physical occurrences are made. E asked children to tell him 
what would happen under certain given conditions, and then to explain what 
actually took place after the events occurred. The investigators then compared 
the predictions with the explanations. The chief problems taken up under 
this head relate to the floating of boats, the changes in the level of water during 
the immersion of a solid body in it, and to shadows. As to shadows, for in- 
stance, E asks, Where and how will the shadow appear on a screen under cer- 
tain conditions when the hand or other object is held near a window or lamp, 
and later he questions the child as to what makes these shadows as they are 
seen, where they come from, etc. 

The third part of the book is devoted to experiments on children’s explana- 
tions of the operation of such machines as the automobile, motor-boats, steam- 
engines, bicycles, and airplanes. A small laboratory is operated before the 
child in the case of steam-engines. 

Different stages or levels of efficiency in the subjects are described with each 
experiment and the average age of each level is roughly given, but the experi- 
ments lack objectivity because of omissions of definite data. For instance, the 
number and age of subjects, tabulations of scores, determination of central 
tendencies and of variabilities are all omitted, and results are given only ver- 
bally and in general terms. The author’s conclusions from this and from the 
preceding volume, are given in Part IV. The results are very interesting, and 
the reader will doubtless be struck by the similarity of many of the younger 
children’s answers to the explanations of natural phenomena by certain present- 
day ‘fundamentalists.’ The author concludes that the intellectual development 
of the individual, like that of humanity in general, shows progress through a 
number of stages, each somewhat distinct in itself, but that in each there is a 
belief in an external reality independent of the thinking subject. The content 
of this reality varies with the different stages. ‘For the small child that reality 
is animated; it is penetrated by finality, by intentions, etc., while for the learned 
adult it is characterized by physical determinism. But the ontological func- 
tion, so to speak, of that reality remains the same; every one believes in his 
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own manner of grasping the external world” (p. 269). In the first stage the 
necessity of law is entirely moral, and there are numerous cases of exceptions 
by arbitrary purposes. This is shown in the views of primitive peoples as to 
miracles as well as in the confusion of natural with moral law in the thinking 
of small children. It is pointed out that in the study of the evolution of the 
stages of thought two points of view are possible: we may on the start choose a 
system of reference and agree to call ‘the external reality’ that reality which 
was conceived during one of the stages of mental evolution, and accordingly 
consider the actually existing external world to be that reality which contem- 
porary science presents. We shall then judge the accuracy of the views held 
in all other stages from the standpoint of this reality. Or we may, on the other 
hand, refuse to consider as absolute any particular system of reference and may 
consider the present common-sense view, or even the present reality of science, 
as itself only a stage among other stages, thus leaving open the question 
as to what is in fact the external reality. Accepting this view, one contributes 
in his study of stages of thought about the world only to the theory of knowl- 
edge. The author chooses the former point of view for the present study in 
psychology, and attempts to compare the children’s views in the different 
stages with reality as conceived by science today. 

Considering the question as to whether the external realities, thus con- 
ceived, impress themselves directly on the mind of the child, or whether, on 
the contrary, the childhood ideas are themselves the product of the mind (a 
question which in itself seems to the reviewer to reveal a somewhat primitive 
view of mind), the author finds a continual paradox from the point of view 
of the action of the physical milieu on the intelligence of the child: “the child 
is at the same time both nearer to and farther removed from objects than we 
ourselves are, and, in evolving toward adult mentality, he simultaneously 
both separates himself from and approaches the real’’ (p. 288). Physical science 
is obviously not as close an approach in one sense to external objects as is the 
perception and the contact of the untrained adult, and yet, in another sense, 
its approach is more universally consistent. Physical science deals with such 
realities as mass, density, force, movement, etc., in general; not with indi- 
vidual ‘things.’ Such realities, we are told, are constructed by ‘intelligence.’ 
Interesting discussions occupy much of the space in Part IV, but we cannot 
here enter further into an examination of them. (It would be especially inter- 
esting to examine the author’s view of intelligence.) The reviewer regards the 
experimental part of this study as very suggestive for our American students 
of psychology who are interested more than the author is in the accuracy of 
the control of experiments and in objectively established results. Accurate 
researches into the thinking processes of children of different ages and of adults 
of various degrees of training would constitute valuable contributions to psy- 


chology and to the progress of science in general. 
Pe 


La psychologie d’aujourd’hui. By J. J. van Brervurer. Paris, Félix 
Alcan, 1927. Pp. 153. 

The author points out that when a science has attained its full develop- 
ment it may itself become the subject of study as to its evolution, its differences 


from other sciences, its methods, essential principles, particular tendencies, 
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etc., so that a philosophy of the science may be constructed. While he does 
not at present attempt to construct such a philosophy of psychology, he en- 
deavors to sketch briefly the genesis of different fields and varieties of psychology 
and the contributions of different leading personalities to its development, as 
well as to analyze critically certain of its conceptions and methods. The great 
variety of the conscious experiences of various animals and of children and 
adult humans of the two sexes, and of different ages and races are constantly 
stressed. His uncritical method of establishing sensations in different higher 
animals is somewhat curious. He argues, for instance, that the lion must per- 
ceive its hunger, else why does it pursue its prey. His neglect of recent knowl- 
edge on inner drives as effected by metabolic changes greatly complicates his 
difficulties of explanation. While he does not neglect to consider physiological 
bases he fails to see the simplification that its possible if only he would conceive 
these activities mechanistically in some fashion. Going into the conscious aspects 
of the individual, he points out that no two individuals are alike; that they 
vary from certain general norms to all sorts of abnormality. To understand 
any one person fully would take a lifetime. Children are not simply diminutive 
adults, we are reminded, but have their own unique experiences at each stage 
of their development. The sensory key-board (clavier sensoriel), as it were, 
of the normal individual—running up from the musculo-tactile zones through 
the auditory, gustatory, olfactory, thermal, and visual receptors—is briefly 
considered, together with modes of stimulation, degree and variety of develop- 
ment in the different modalities with respect to man. The possibilities of 
further development and refinement of some sensory fields are considered, and 
the author shows leanings toward the Lamarckian view of heredity, citing the 
now repudiated work of Pavlow on supposed hereditary transmission of con- 
ditioned reflexes. The sporadic cases of continued sensory development 
through a few generations, attributed to hereditary effects of training, can 
readily be accounted for otherwise. Still inclining toward the old doctrine that 
all knowledge comes through the senses, and holding to the sensory-associa- 
tionistic view of intelligence, which conceives intelligence as an accumulation 
of ‘ideas,’ the author examines critically some of the elementary forms of ex- 
perience and the elementary processes in the acquirement of ideas. 
Imagination is divided into actual and residual, the former being that which 
converts the sensory effects of external stimuli into images, while residual imagi- 
nation refers to the perseverance of images previously aroused. The number of 
images which one may have at any time depends upon (1) the finesse of the 
sensory organs, (2) the variety of stimulation, and (3) the degree of attention 
of the observer. The nature, composition, and exactitude of images vary 
infinitely. There are three kinds of imagination—practical, esthetic, and 
scientific—we are informed. There are several sorts of attention both active 
and passive, peripheral or central; and attention with effort (active attention) 
seems to be for van Biervliet, a real, spontaneous force to be reckoned with, as 
it has always been for most of the sensory associationists, who approached our 
obviously dynamic mental activities from an introspective rather than from a 
objective, genetic point of view. There is, of course, no question about the 
reality of this ‘spontaneity’ in our experiences: the question concerns its inter- 
pretation, a matter that is neglected in this little book. Attention plays an 
important réle for the author both in imagination and in intelligence, but 
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conceptions of a general memory are rejected. We have ‘memories,’ not ‘a 
memory.’ The degree of intelligence depends upon the finesse of the sensory 
equipment, the “power of attention,” and the effectiveness of the memories. 
This useless complication, due to ‘explaining’ certain assumed arbitrary powers 
by others equally inaccessible to scientific investigation, greatly mars the 
author’s psychology. Three classes of intelligence, like those of imagination, 
are enunciated and described—practical, esthetic, and scientific—but no evi- 
dence is given for accepting these particular ententies or types to the exclusion 
of others that have been or may be imagined. 

Introspection gets a very good, critical consideration in one chapter. Three 
main classes are indicated: (1) everyday incidental self-observation, (2) the 
trained self-observation of psychologists, and (3) the self-observation by trained 
psychologists under carefully controlled conditions in which different relevant 
factors may be varied according to well planned experimental procedure. But 
introspection at best is limited by the fact that we note in the main only what 
interests us and we become set for what our own theories and views hold to be 
real. Moreover, many important processes contributing to our behavior lie 
beyond the field of our own direct observation. The author cites the study of 
unconscious reflexes as having yielded by objective methods a whole group of 
important facts about ourselves which could not have been obtained intro- 
spectively. The introspective method, however, is not wholly discredited. It 
is “indispensable for the study of the conscious life. The experimenters are 
the last to deny this. For certain of their researches it is absolutely capital.” 
A chapter is also devoted to the method of inquiry, including the questionary 
used by Galton and many others. This method is misused, we are told, when- 
ever the subjects are not qualified to make serious critical examination of the 
facts investigated; and in any case certain conditions and precautions are care- 
fully to be observed in the use of the method, whether orally or by means of 
written procedures and forms. 

The methods of tests, scientific observation, and experimentation receive 
attention each in a special chapter. The test method, says the author, appears 
to avoid the principal defects of the inquiry methods (des enquétes). Tests 
are objective and simple; they are quickly and easily employed, and furnish 
concise and decisive results. But they are often used badly by persons who 
have neither adequate training or the sufficient preparation to understand their 
theoretical basis. Group testing, especially, is criticized on account of inade- 
quate instructions beforehand, rough, wholesale procedures, insufficient 
opportunity to take note of individual work as it goes on, and the losing of 
individual characteristics in most results in the form of totals. Extensive 
individual tests, well worked out by preliminary experimentation, are favored. 
The work of Ribot on diseases of memory, of Janet on automatisms, and of 
Dumas on the mechanisms of emotions is cited as illustrative of useful scientific 
work which may be judiciously carried out by the observational method. 
On such work one might well impose certain conditions, as the author does on 
introspection, to insure objectivity. Under the head of the experimental 
method, which is recognized as of the greatest importance, the author cites his 
Psychologie quantitative for a fuller treatment, and he gives only a brief sketch 
of the so-called psychophysical methods and mentions certain considerations 
and precautions meriting the serious attention of experimenters. The numerous 
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variable factors in a person comparing weights, for example, are contrasted 
with the action of highly accurate quantitative scales, so as to bring out the 
need of various experimental precautions as to objectivity and the control of 
variable factors. There is, however, nothing new offered. The choice of Ss, 
the number of experiments or tests to carry out, and the personality of the 
experimenter are also considered. 

The contributions of Fechner (who, though he missed his goal based upon a 
false idea, provoked researches which bore fruit in methods and results as to 
the threshold of sensation, which he neither sought directly nor foresaw), of 
Wundt (whose most important researches are judged to be those on reaction 
times), and of Binet (who is quoted as having, according to his own view, con- 
tributed mainly toward giving a larger range to introspection and toward 
carrying investigation by experimental and test methods into the field of the 
higher mental processes, such as memory, attention, imagination, and orienta- 
tion of ideas), are briefly outlined. 

Inadequate consideration is given to comparative psychology and to certain 
modern aspects of statistical and experimental procedures, to all of which 
American psychologists have made large contributions. The recent develop- 
ments in industrial, educational, and abnormal psychology receive practically 


no attention whatever. 
a 


The Lure of Superiority. By Waytanp F. Vauauan. New York, Henry 
Holt & Co., 1928. Pp. 307. 

The content of this “study in the psychology of motives” is well sum- 
marized in the following quotation from the author’s preface: ‘“The psychology 
of Alfred Adler is taken as the basis for our study of normal personality (Chap. 
1). Analysis of the self-regarding sentiment indicates that the person with 
marked deficiencies is peculiarly susceptible to the will-to-power (Chap. IT) 
by reason of the various kinds of inferiority (Chap. III) that trouble him. Com- 
pensation will be worked out in detail to demonstrate how the accomplishment 
of certain purposes is rendered possible ((Chap. IV). The consciousness of 
inferiority arouses the mighty forces of the instinctive and emotional life 
(Chap. V) and sets the conditions that favor the attainment of distinction in 
art, religion, learning and other paths to power (Chap. VI). The application 
of the theory to various social groups will be illustrated by an analysis of the 
motivation behind labor movements, the Feminists, the Jews, and others 
(Chap. VII). Studies of Arthur Schopenhauer (Chap. VIII) and Abraham 
Lincoln (Chap. IX) will give insight into the way an individual works out his 
compensation.” 

One finds it rather difficult to evaluate a book of this sort, inasmuch as there 
are two points of view from which it may be considered. If one inhibits one’s 
laboratory prepossessions a little the book appears to be an interesting expo- 
sition of the author’s central idea—inferiority-compensation. There can be 
no doubt that the “sense of inferiority,’ whether it be physical, intellectual, 
moral or social—the four varieties mentioned by Vaughan—may provide a 
stimulus, in many cases, to unusual achievement. But the wholesale applica- 
tion of this single principle to the wide variety of phenomena considered in the 
book seems to be a great over-simplification. The author seems at times so 
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carried away with his idea that his illustrations sound a little far-fetched. For 
example, the statement that the artist’s love of beauty may be in part a com- 
pensation for the “‘sordidness of his carnal mode of living’? probably more 
nearly reflects Vaughan’s attitude towards this “mode of living” than it 
analyzes the motivation to artistic achievement. All in all, however, the 
author has succeeded very well in what he set out to do, and from this point of 
view the book is recommended for consideration to individuals interested 
in social psychology. 

From the point of view of scientific method, however, one must confess 
that this ‘study’ of motivation, like many others of the quasi-psychoanalytic 
variety, contributes very little. The materials upon which Vaughan bases his 
study include unchecked observations, selected quotations from innumerable 
authorities, and divers and sundry illustrations whose sources range from the 
Bible to Baudelaire. This ‘biographical’ method reminds one not a little of 
Romanes’ technique in studying animal intelligence, and it will no doubt 
eventually be displaced entirely, so far as psychology goes, by more precise 
methods, just as Lloyd Morgan, Thorndike and others have improved upon 
Romanes’ anecdotal technique. There is always the danger, in a book of this 
sort, that the examples offered in proof of the thesis in question have been 
selected on the basis of relevance to the author’s dominant idea rather than 
on the basis of their representativeness as determined by precise, objective 
methods. 


Vanderbilt University Lyte H. Lanier 


Nouvelles études d’histoire de la philosophie. By Emre Boutrovux. Paris, 
Félix Alcan, 1927. Pp. 245. 


The book is a collection of illuminating essays on the philosophical con- 
tributions of Lachelier, Poincaré, Ollé-Laprune, Evelin, Ravaisson, and Sec- 
rétan, together with a discriminating discussion of the thought tendencies 
prevalent in France since 1867. Of especial interest to the psychologist is the 
presentation of the doctrines reviewed in more intimate concrete connection 
with the personality of the authors in question than is usually the case in such 
expositions. Perhaps the most valuable of these essays for the psychologist 
would be Boutroux’s exposition of the doctrine of Poincaré and the history of 
French thought since 1867. As the result of various influences at about this 
date, French philosophy “turned away from an abstract dialectic, whose only 
aim was definition and the logical reconciliation of concepts, in order to engage 
in scientific, religious, artistic, political, moral, literary, and economic activi- 
ties in which one comes directly into contact with given realities. Far from 
pretending to be self-sufficient, it believed that it could find only in the sciences, 
in life, and in the arts as they develop spontaneously the material necessary 
for its theories.’ In the place of a unified philosophy there arose philosophical 
investigations in relative detachment from one another, in so far as the mul- 
tiplicity and the specificity of the positive sciences was of influence for a philos- 
ophy modelled on them. Various sciences (psychology, sociology, methodol- 
ogy) having each of them a distinct experimental basis, came in turn to present 
themselves not as a part of philosophy, but as philosophy itself. Under the 
specific captions of metaphysics, psychology, sociology, ethics, philosophy of 
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science, philosophy of history, philosophy of religion, and aesthetics, Boutroux 
discusses these movements, finding as the net result for the period in question 
“not an evolution but the disappearance of philosophy.” 

In the section on psychology, the author considers very briefly the founda- 
tions laid by Taine and Ribot which resulted in the development of pure psy- 
chology (Marillier, Paulhan, Godfernaux, Ruyssen) introspective psychol- 
ogy (Egger, Compayré, Marion, Derepas, Dugas, and Malapert), the study 
of psychic automatisms and hypnotism (Richet, Janet, Grasset), social psy- 
chology (Tarde, Le Bon), and religious psychology (Récéjac, Delacroix). 
Vanderbilt University HERBERT SANBORN 


The Modern Cat, Her Mind and Manners: An Introduction to Comparative 
Psychology. By Groraina StrickLtanp Gates. New York, Macmillan Co., 
1928. Pp. ix, 196. 

This is a collection, we are told, of true cat stories, “intended for two classes 
of readers: those who love cats and would like to know more about the explana- 
tion of their actions, and those who may wish to obtain, through a description 
of methods employed with one animal, a first glimpse of the ways of compara- 
tive psychology.” The book suffers from this double purpose, with sentiment 
predominating. ‘Modern’ in the title has no significance other than com- 
parison with ‘modern woman” and “modern marriage.” One looks in vain 
for a biological account of the evolution of the cat. The cat’s leisure, its free- 
dom to wander about, and its lack of economic value are contrasted with 
conditions found in the lives of certain other domesticated animals, and the 
cat is said to be even better fitted for wild life than the dog. The cat’s status 
with man has varied from that of a sacred animal or even a deity to that of the 
proverbial “black cat’’ and associations with witchcraft. Treatments of the 
cat by both friendly and unfriendly “critics” are illustrated. The feminine 
point of view is everywhere evident, as when the author alleges that ‘‘there is 
scarcely a person who does not stop to pet the cat in the grocery store.” It 
would have been interesting for our author to inquire into the question as to 
why she, as a representative of her sex, should display this cat-interest, so 
much more rare in men. 

Certain well known laboratory tests and experiments with the cat are re- 
counted to show how this modern creature has even “stepped into the scientific 
laboratory.” A number of tales about cats are given as examples of material 
which the comparative psychologist cannot use. Several of them are employed 
effectively to illustrate the limitations of untrained observers. The methods 
and results of laboratory studies of the cat are outlined, and the learning of this 
animal is compared with that of the dog and of some other animals. The cat 
is listed as probably equal to the dog, brighter than the horse, the chick, and 
the rat, but inferior to the monkey. Some of these conclusions are, of course, 
only tentative. The author leaves open the question as to whether the cat 
has “‘ideas,’’ but suggests that “ideas,” “thoughts,” etc., may be possessed by 
it but not frequently used. She is not free from the assumption that ideas are 
things which may guide action. Good accounts and discussions are given of 
tests and experiments on the homing of the cat, and of its repertoire of un- 
learned activities. These are cleverly presented amid many amusing supersti- 
tions about certain actions of the cat under given circumstances as “‘signs’’ of 
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future events. Cat lovers will doubtless be somewhat disappointed in the re- 
sults of experiments on the cat’s vision, the revelations of the scientist as to 
the nature of its emotional life, and its generally low level of mentality. Sixty- 
three references are given. The book has some good illustrations of the cat at 
work in nature and is clearly written. It should serve the valuable function of 
indicating to the general reader how scientific methods are gradually penetra- 
ting the realm of behavior, and how they make behavior, even in animals, in- 
telligible and inviting as a field of study and control. J. P. 


Coming of Agein Samoa. By Marcaret Mgap. Foreword by Franz Boas. 
New York, William Morrow & Co., 1928. Pp. xv, 297. 8 PI. 

Miss Mead assumed, on a priori grounds, that the adolescent period is 
inevitably one of mental stress and conflict for children who are living in 
America. This suggested to her the question, “Are the disturbances which 
vex our adolescents due to the nature of adolescence itself or to the civilization?” 
To answer it she studied the natives of American Samoa, particularly the 
adolescent girls, under native conditions for a period of nine months. She 
reached the conclusion that adolescence is not ‘‘a period of mental and emo- 
tional distress for a growing girl as inevitable as teething is a period of misery 
for the small baby” (p. 196). 

This she believes to be true largely as a result of the “simplicity” and 
“naturalness” of life in Samoa. There, the adolescent girl has no difficult 
choices to make nor has she any inhibitions concerning sex, birth, or death, 
which are the factors held most responsible for the difficulties experienced by 
American children. 

The argument, as presented, is weakened somewhat by the number of cases 
of mental disorder which Miss Mead, who admits being only an amateur in 
psychiatric diagnosis, discovered and has recorded in the appendix. Although 
her presentation does not lend itself readily to statistical interpretation it 
seems probable from the evidence the author herself presents that at least one 
percent of the total population is suffering from some form of mental disorder 
(not counting feeblemindedness or even cases of marked sexual abnormalities 
which are common). Rather more than would be expected under really ‘simple’ 
conditions! 

The book contains a description of the family life and the social institutions 
of the Samoan people, which is interesting and well done. For this reason a 
sociologist might consider it more of a contribution than would a psychologist; 
at least it seems to contain more of interest and of value for him. 

Stanford University Rosert G. BERNREUTER 


About Ourselves: Psychology for Normal People. By H. A. OvERSTREET. 
New York, W. W. Norton & Co., 1927. Pp. 300. 

The author indicates the readers for whom the volume is written, as follows: 
“Ts the reader hopelessly perfect? If so, let him close this book. It is not for 
him. Is he so mentally ill that he requires the careful attention of a psy- 
chiatrist? If so, again, let him close the book.” “This book is for the rest of 
us, the in-betweens—the so-called ‘normal.’ It is written out of the conviction 
that we normal persons need to know a good deal more about ourselves than 
we ordinarily do.” 
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The book is a non-technical, interestingly written volume that will appeal 
to the general reader. The style is rather conversational and intimate. Through 
this combination the author comes to the reader as a friendly counselor for 
the smaller mental ills that sometimes reduce the efficiency and happiness of 
our lives. 

In Part I is set forth many typical instances of these minor maladjust- 
ment. Biases, prejudices, fears, exaggerated self-importance, shunning re- 
sponsibilities, abnormal sex tendencies, and many other similar traits are 
identified for the reader and their developments as habit patterns traced. 
These ills represent gradual habit accretions, ignorantly or inadvertently 
taken on by the individual. Since they give evidences of psychological weak- 
ness in the person’s make-up, the problem is, how to build a strong constitution. 

Part II sets forth some of the worthwhile yet frequently unused means by 
which strength and balance may be attained. Music, the objective arts, poetry, 
and conversation are treated in some detail both as to the effects produced 
and the manner in which these effects are brought about. The general point 
of view is that the ills are identified with introvert behavior tendencies, and 
that the remedy is the development of ‘outward’ reacting selves. 


North Carolina College for Women J. A. Hieusmira 


Mitteilungen der Kri 
Pp. 84. 

As the title indicates, this is the report of proceedings of the first meeting 
(June 1927) of a group interested in the study of criminology from the inclusive 
standpoint of biology. In addition to a list of officers and members, the reso- 
lutions adopted, and a statement of purpose by the president, Adolf Lenz, 
there are six formal papers. All of these emphasize the necessity of making 
an exhaustive study of the problem by methods which shall include every 
scientific discipline which may contribute to its solution. Incidentally there 
are some interesting reports of institutional work in progress in several Euro- 
pean centers. The problem of types appears prominently in their thinking, 
but with no failure to emphasize the large place of environmental influences in 
development. 

University of Oregon Epmounp S. ConxLIn 


lbiologischen Gesellschaft. Graz, U. Mosers, 1928. 


The Psychology of Religion. By Cuartes Conant Josey. New York, 
Maemillan Co., 1927. Pp. xi, 362. 

This volume is a valuable elementary text-book in the important but 
extremely difficult field of the psychology of religion. The book is divided into 
three parts, of which the first is devoted to an introduction and definition, 
the second to the development of religion in society, and the third to a con- 
sideration of the growth of religion in the individual. 

After a well conceived definition of the psychological approach to the study 
of religion, the author shows in detail the psychological facts that he considers 
important in dealing with religion as he defines it. A scheme accounting for the 
general psychological changes that may be observed in religion, when com- 
paratively studied, is propounded. The changes in regard to the concepts of 
God and of immortality are analysed. 
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The gradual development of religion in the individual is considered, with 
special reference to adolescence, conversion, cult practices, preaching, asceti- 
cism, prayer, and mysticism. 

It is very easy to treat the psychology of religion in such a manner that it 
at once repels the devout churchman. The writer finds in the psychology of 
religion, as it is often presented, a sharp antagonism to the beliefs that he 
holds most significant. This volume successfully avoids creating this hostile 
attitude. The result is, however, that certain portions of the book seem to 
the psychologist rather the social philosophy of religion than the psychology 
of religion. 

Brown University LEONARD CARMICHAEL 


Das autonome Nervensystem. By Ericu Scuitr. Leipzig, G. Thieme, 1926. 
Pp. viii, 207. 

Starting from the foundation laid by Langley the author describes the 
autonomic nervous system as it presents itself in the light of experiments and 
observations in the fields of physiology, histology, pharmacology, surgery, and 
embryology. The psychologist will take note of the fact that current generali- 
zations concerning autonomic innervation, the antagonism between the sym- 
pathetic and parasympathetic system, etc., have no, or a very narrow, experi- 
mental basis. Throughout the book the specific problems involved are clearly 
stated and experimental methods for their solution are suggested. The treat- 
ment of Schilf brings home to us that the assumptions concerning autonomic 
innervation as frequently found in current psychological literature do not 
even merit the name of an hypothesis. As long as the study of the autonomic 
nervous system yields as the chief result a large number of disconnected 
empirical findings, it is difficult to see how the experimental formulation of 
psychological problems can derive any benefit from the results of a premature 
synthesis of such findings. Schilf’s presentation makes clear that there is 
hardly any basis for broad generalizations of psychological importance. 

Institute for Juvenile Research Kiitver 

Chicago, Illinois 

Keeping Mentally Fit. By Josern Jastrow. New York, Greenburg, 1928. 
Pp. ix, 297. 

This book is a collection of articles which have appeared daily in a group of 
newspapers. Quite consciously the style is journalistic, the sections brief and 
an effort made fo hold the interest for a short time and during that time give 
the scientific solution of some specific problem in an understandable way. The 
author even resorts to answering letters which appeared—or at least might 
have appeared—in the ‘personal’ columns of the papers. 

As the title would indicate, this is an effort to give mental hygiene to the 
public. The author is concerned with sections on the control of the emotions, 
mental hygiene of the child, analysis of traits of personality and the like. His 
contribution to mental hygiene is not only to give positive advice in regard to 
these matters but also to break down a large number of popular misconceptions 
which have grown up about psychology and about mental processes and re- 
actions. In the reviewer’s opinion, Jastrow has succeeded admirably in pre- 
senting these matters at the low level of the average reader of the newspapers. 
University of Pennsylvania W. FeRNBERGER 
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Tue Lure or ABSOLUTE OBJECTIVITY 


In the realm of physics, it is axiomatic that action is followed invariably by 
reaction. Among social phenomena, a similar law seems to operate. In the 
fields of education and the other social sciences, there are numerous evidences 
today of potent reaction. A period in which complacency characterized edu- 
cators was followed by an alleged scientific attitude. The scientific attitude 
itself is a product of another reaction, namely, the objective point of view 
urged by certain psychologists. For centuries, man was accustomed to specu- 
late and to theorize with reference to human nature. Gradually man’s think- 
ing became more critical and within recent years the ideal of rigorous objectivity 
has been promulgated. Indeed, it is not an exaggeration to say that the ideal 
of absolute objectivity has been advanced and that this ideal is now seriously 
espoused by certain students of psychology. 

For example, Watson asserts that the behavior of man is the subject matter 
of psychology; he insists that behavior should be studied and recorded ob- 
jectively. Because so many inferences based upon subjective evaluation have 
proved to be fallacious, Watson refuses to employ inferential thinking! Since 
he refuses to infer the existence of integers which are not amenable to objective 
verification, he refuses also to recognize or employ such concepts as conscious- 
ness, perception, imagery, will, etc. He avers (truly enough) that the concept 
of consciousness is an inference; he assumes that such inference is ‘unscientific.’ 
Watson is not alone in urging that the human being can and should be judged 
by his behavior. Many insist that the methods employed in psychology and 
education should be those which characterize the natural sciences and that 
these methods are clearly objective in nature. 

The attitude of the behaviorist implies that certain natural sciences are 
largely if not wholly free from the use of subjective methods; that the natural 
sciences therefore have the prerogative to designate themselves ‘sciences.’ 

“So far in his objective study of man no behaviorist has observed anything 
that he can call consciousness, sensation, perception, imagery or will. ot 
finding these so-called mental processes in his observations, he has reached 
the conclusion that all such terms can be dropped out of the description of 
man’s activity’’.! 

The premise of the behaviorist, stated above, merits study and considera- 
tion. No science (not even chemistry or physics) employs invariably the ob- 
jective method. The concept of absolute objectivity may be a worthy ideal, 
but the conviction that psychology can (or should) make no use of inferential 
thinking is fantastic, for even the natural sciences make extended use of 
inferential thinking. Complete objectivity does not characterize the work 
of present-day scientists in the fields of chemistry, physics, or biology. The 
workers in these natural sciences employ inferential thinking in many instances; 


1J. B. Watson, Behaviorism, Encyclopedia Britannica, 13th. ed., 345. 
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often the evidence used to substantiate their inferences is vague and inadequate. 
In numerous instances, major premises are admittedly assumed. 


In this connection it will be of interest to turn to those who are best qualified 
to speak in behalf of the natural sciences. Several representative scientists 
have collaborated recently upon a volume intended to orient the beginning 
student in his scientific thinking.? It is of interest that the representatives of 
the natural sciences assert that they employ their imaginations in coérdinating 
the facts obtained by experimentation. Even the chemists (supposedly the 
most objective of scientists) speculate regarding their data. Stieglitz makes 
the following statements: 

“Let us also understand that chemistry is an experimental science, evolving 
its thought and testing its conclusions with the aid of experimental work. 
You will find too that in coérdinating the facts and teachings of experiment, 
chemistry is compelled to draw on our powers of imagination, controlled by the 
critical questioning of our intelligence, for chemistry has found the most satis- 
fying interpretations of the visible, gross observations of our senses in con- 
ceptions involving rapidly moving material particles which are far too minute 
to be individually seen, weighed or counted. It is because the whole thought 
of chemistry is evolved from the application of intelligence and imagination 
to experimental results, that we shall develop in these lectures our own study 
of the nature of chemical processes with the aid of experiments which should 
bring home to you the basis and the nature of chemical reasoning”’ (pp. 119 ff.). 

In the preceding quotation, the writers of this paper have italicized words 
which reveal the subjective nature of the chemist’s work. The chemist draws 
upon his imagination, because, according to his belief, he is dealing with “‘ma- 
terial particles which are far too minute to be individually seen, weighed, or 
counted.” The chemist’s imagination is controlled of course by critical ques- 
tioning. Thus the chemist deals often with data which are not directly ob- 
servable; he is able to coérdinate his findings only when he draws upon his 
imagination. If it be assumed that the psychologist must use the same meth- 
ods as do the chemists, it is paradoxical to assert that inferential thinking is 
untenable in studying human behavior. The postulates of Watson are ob- 
viously not those of certain chemists. The chemist will be found to be less 
objective; he relies upon assumption, supposition, and conjecture. In the fol- 
lowing quotations the writers have again italicized words which indicate that 
the chemist deals with integers which he does not and cannot observe directly. 

“It is assumed that in the hydrogen atom the massive but minute proton 
is in the center of the atom and attracts the electron which probably revolves 
around it... . Each atom of the other elements is considered to contain a nucleus 
built up of protons and electrons, and this nucleus represents the chief mass 
of the atom. The exact character of the forces holding protons and electrons 
in nuclei is not known’’ (p. 129). 

“An electron doublet is supposed to move closer sometimes to the one, 
sometimes to the other, atom. For reasons which we have not the space to 
develop here, it will be safe to asswme that the doublet is without question movable, 
but that in the molecules of very many compounds it remains definitely much 
closer to the kernel of the one atom than to that of the other atom, as a result 
of the net sum of all electrical forces” (p. 138). 


It may be that the preceding statements are not made by a behavioristic 
chemist. One is led to suppose that a behavioristic chemist would be less rash. 


2H. H. Newman and others, The Nature of the World and of Man, 1926. 
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In the volume from which the preceding quotations are taken, Lemon 
discusses the status of physics. Physics is assumed by some to be a wholly 
objective science, at least in so far as it is cited as a science embodying the 
scientific ideal. Lemon shows that the physicist must and does resort to con- 
jecture. 

_“‘We have defined kinetic energy as half the product of the mass of an 
object and the square of its velocity. The ultimate nature of this attribute 
of material things called mass is still conjectural’ (p. 88, italics ours). 

“The smallest and densest star we have so far found is the one that revolves 
as a faint companion around Sirius, the dog star. It 7s thought to be as small as 
the planet Uranus of our solar system, and yet to have a mass ————_ to 
that of our sun. The matter of which it is composed is thus of almost un- 
— density. Jf our conclusions are correct, a pint cup of the material 
of this star brought to the surface of our earth would here weigh 25 tons” 
(pp. 96 f., italics ours). “In the present state of our knowledge we know as yet 
very little, with definiteness, about the structural details of these electrical 
systems which we call atoms. Only with respect to a few of the simpler types 
has any progress been made in this direction. We believe that in general the 
negative electrons are in motion about a nucleus” (p. 111, italics ours). “It 
(the proton) is perhaps much smaller even than the electron, maybe only 1/100 
of the diameter of the latter” (p. 112, italics ours). 


In contrast to the cautious behaviorist, we find an eminent astronomer dis- 
cussing the possibility of life on Mars. Moulton speculates also regarding 
other facts beyond the pale of direct observation. 

“Tt has usually been assumed that the white stars are young suns. . . .that 
the yellow stars are farther advanced in evolution, and that the red stars are 
old suns nearing extinction”’ (pp. 21 f., italics ours). 


After describing the exterior galaxies (those families of suns beyond our 
family of suns), Moulton asserts that all science is fundamentally speculative. 


“The gy is frankly speculative, but it should not be condemned for 
that reason, for it is found upon consideration that every attempt man has 
made to place himself in the Cosmos is involved in speculations. It ought to 
be regarded, rather, as a tentative outline of the physical universe which should 
be compared with observational evidence and whose implications should be 
considered” (pp. 28 f., italics ours). 


The chemist, the physicist, and the astronomer find it desirable to make 
certain inferences. An inference is not an observable fact. The geologist too 
goes beyond his observable data. Bretz states: 

“Not many reliable computations on the basis of uranium decomposition 
have yet been made, but nearly all thus far made possess the right relative 
values. As to the actual figures, the two geologically oldest granites studied 
appear to have crystallized from a liquid condition 1,125,000,000 to 1,500,000,000 
year ago. The error inherent in this method is estimated not to exceed 20 to 
25 per cent” (p. 83, italics ours). 


The bacteriologist also offers speculative solutions for his problems. Jordan 
writes: 

“It is not certain that bacteria are really the smallest of all living things. 
There is some reason to believe that still smaller organisms exist. Our best 
microscopes do not enable us to see distinctly objects that are less than 
1/250,000 of an inch in diameter. . . . Whether some or all of the filterable 
viruses are microbes that should be classed as bacteria is not known at the 
present time. Some investigators believe that bacteria themselves are subject 
to attack by parasites too small to be seen, but about this there is much dispute”’ 
(pp. 198 f., italics ours). 
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Nor does the botanist utilize solely objectively observable subject-matter 
in his study. Coulter discusses certain problems of botany in the following 
manner: 


“If every type of plant that ever existed upon the earth were still present 
somewhere, it would be a relatively simple though tedious problem to construct 
a complete family tree for all members of the plant esd stag Unfortunately 
this is not the case; many of the pre-existing types have become extinct, and 
often we look in vain for living representatives of the ancestors of our present- 
day plants. These are the ‘missing links’ that make the construction of a 
family tree so troublesome. Such gaps are often filled in by vigorous efforts of 
the imagination; botanists construct as best they can an imaginary picture of the 
‘missing links,’ so as to complete the sequence of steps in the evolution of the 
plant kingdom. Obviously such a practice is mainly guess-work, but, like many 
such hypothes, has been very useful in organizing subject matter and stimulating 
research” (pp. 217 ff., italics ours). 


The zodlogist too deems it desirable to speculate regarding non-observable 
data. Newman writes: 


“While it may be generally agreed that certain causal factors codperate to 
bring about evolution, few evolutionists would attach much the same relative 
importance to the various factors. This is what is really meant when it is said 
that biologists are not at all in agreement about evolution. All are agreed as 
to the general fact and as to its main trends, but there is much disagreement 
of a technical sort as to the relative values of the coéperating causal factors’”’ 


(pp. 382). 
As to the causes of mutations, the following postulates are advanced. 


“Guyer thinks that anti-lens serum produces some specific germinal change 
and may be confined to one kind of gene in the germ plasm. . . . The causes of 
chromosomal aberrations are also somewhat obscure. The immediate cause 
of extra chromosomes seems to be what is called non-disjunction. . . . As to the 
causes of these cellular accidents we know nothing, though Gates and other 
students of these phenomena are inclined to attribute them to sudden changes 
in temperature or other environmental agents” (pp. 401 ff., italics ours). 


Carlson discusses the dynamics of living processes: he shows that the stu- 
dent of human physiology is forced to resort to conclusions which are not 
subject to objective verification. 

“The dynamics of the opine the circulatory, the poupeaeeny, the endo- 
crine, and the neuro-muscular systems are essentially identical from fish to 
man, and in the dynamics of most of these systems there is very little evidence 
of progressive evolution. They seem to have been stabilized early. In the por- 
tion of the nervous system called the brain, progressive evolution in the sense 
of increase in number of cell units and in the complexity of their interrelations 
is clearly in evidence. The possession of this greater quantity of brain ma- 
terial parallels the greater complexity of some human reactions. One seems 
forced to the conclusion that the second is dependent on the first, a conclusion 
supported by a mass of valid evidence from the field of organic nervous dis- 
pm te in man and from brain injury experiments on animals” (p. 477, italics ours). 

The preceding quotations are evidence that certain students of the natural 
sciences do not hesitate to go beyond their data and indulge in inferential 
thinking and writing. The extreme behaviorist in psychology and education 
places himself in a unique position. He wishes to be more objective than the 
most objective of scientists in other fields. Perhaps the behaviorist is attempt- 
ing to compensate for the extremely subjective methods employed by his fore- 
runners! It is obvious that a behaviorism which seeks to be more objective 
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than the natural sciences is doomed to undergo marked modification. If 
behaviorism is to receive general acceptance it is clear that it must relinquish 
many of the excesses which characterize it. 

Behaviorism arose of course from the desire for objective, simple, and 
demonstrable data and conclusions. The behaviorist has had a wholesome 
influence in the fields of psychology and education. Certain eddies from this 
new current already have waxed and waned. They have arisen because they 
offered certain attractive features. They have disappeared because they rested 
upon assumptions which were not tenable. A few years ago, Rugg protested 
against what he termed ‘unscientific’ curriculum construction. He insisted 
that curriculum-making should and could be placed upon a strictly scientific 
basis. Rugg’s ‘scientific procedure’ for assembling material for a curriculum 
in the social sciences included the following steps:* (1) a study of textbooks now 
in use; (2) a study of what ‘understanding thinkers’ would include in the 
curriculum; (3) a study of allusions found in various publications; (4) a study 
of what is crucial matter in present curricula. 

Schafer showed that the above steps are lacking utterly in scientific pre- 
cision.‘ For example, one can not determine crucial subject matter (Step 4) 
without employing subjective judgment. Nor can one identify ‘understanding 
thinkers’ (Step 2) except by opinion. Rugg ultimately gave up the term 
‘scientific’ in connection with his work explaining that he found it misunder- 
stood.5 

Perhaps the most fantastic of all claims for absolute objectivity was that of 
Washburne and his collaborators when they attempted to construct ‘scien- 
tifically’ a factual course in the social studies. It is indeed incredible that 
Washburne should have thought that he could construct a curriculum without 
employing judgment and critical evaluation of objective data. According to 
Gambrill, this is precisely what Washburne attempted. Gambrill’s remarks 
follow:® 

“The object of Superintendent Washburne and his Social Science Seminar 
is to construct a curriculum by a strictly scientific procedure without any de- 
pendence upon opinion or judgment. . . . The problem was to select in a purely 
objective scientific manner the proper names and dates that would meet these 
requirements and from them to construct the desired curriculum.” 

The members of the Winnetka Seminar read through a large number of 
periodicals and recorded every allusion to a person, place, event, or date (ex- 
cepting only advertisements). The allusions were tabulated and each was 
given an index number based upon frequency of allusion. An attempt was 
then made to construct a factual course of study in the social sciences which 
would enable the pupil to understand allusions to the persons, places, events, 
and dates which appeared frequently in periodical literature. 


’H. O. Rugg, Needed changes in the committee procedure of reconstructing 
the social studies, Element. School Jour., 21, 1921, 697f. 

4J. Schafer, The methods and aims of committee procedure, Histor. Out- 
look, 12, 1921, 247-249. 

5Quoted by J. M. Gambriil, Experimental Curriculum-Making in the Social 
Studies, 1924, 13. 

cit., 24. 
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Gambrill has set forth a list of questions which shows the utter untenability 
of Washburne’s procedure. The questions asked by Gambrill follow:? 

‘“‘What does it mean to understand an allusion? If it be assumed that the 
index figure is a measure of importance, does it follow that the amount of time 
or emphasis in the school should necessarily follow that figure? Should no 
allowance be made for what is learned outside of school? Mr. Washburne 
thought not, on the ground that the procedure could be scientific only if the 
index figure be followed absolutely, and the element of personal judgment en- 
tirely eliminated. ‘When an adequate means of measuring this (out of school 
learning) has been determined, we’ll be glad to allow for it in all subjects.’ ” 

Washburne’s ideal of a strictly scientific procedure in curriculum construc- 
tion is so extreme that it represents thinking as uncritical as that against which 
it protested. The initial assumptions in the Washburne plan are of course of 
doubtful validity. It is exceedingly unlikely that the importance of persons, 
places, events, and dates is proportionate to the newspaper space which they 
receive. 

The preceding examples of attempts to be ‘scientific’ show that the edu- 
cator is greatly annoyed by the prospect of not being considered a scientist. 
The idea seems to be prevalent that education does not deserve a place in the 
sun unless it can demonstrate that it employs strictly scientific methods. 
Scientific procedure is assumed to be mechanical, objective, and absolutely 
conclusive; there appears to be a wide-spread opinion that subjective judgments 
of every kind are taboo and that the true scientist never goes beyond his data. 

There is much similarity between the practice of the ‘scientific educator’ 
and the behaviorist. The scientific educator announces principles of pro- 
cedure which he is unable to follow consistently. The behaviorist condemns a 
psychological method which he employs in order to arrive at his condemnation. 
Although the behaviorist uses introspection at the outset (thus violating his 
principles), he refuses theoretically thereafter to employ this method. This re- 
fusal is very convenient, for it enables him to avoid facing his own inconsistency. 

Although the behaviorist considers introspective reports to be invalid when 
used by his opponents, he refers to them as “positive evidence’ when such re- 
ports are used to substantiate his postulates. Under the caption, “Some 
positive evidence for the behaviorist’s view’ Watson wrote the following in 1925:* 

“T have collected considerable evidence that those deaf and dumb indi- 
viduals who when talking use manual movements instead of words, use the 
same manual responses they employ in talking, in their own thinking. . . . Dr. 
Samuel Gridley Howe, Superintendent of the Perkins Institute and Massachu- 
setts Asylum for the Blind, taught the deaf, dumb, and blind Laura Bridgman 
a hand and finger language. He states (in one of the annual reports of the in- 
stitute) that even in her dreams Laura talked to herself using the finger language 
with great rapidity.” 

Watson describes the data given above as positive evidence for the behavior- 
ist’s postulates. One wonders by what right the behaviorist employs the term 
positive evidence. Watson may have arrived at his conclusion by means of an 
introspective account given by Miss Bridgman; on the other hand, Miss Bridg- 
man may have been observed during her sleep and the observer may have 
inferred that the finger movements paralleled the dreams. In either case, the 
data are certainly not objective ones which are amenable to verification. 


Ibid., 27. 
8J. B. Watson, Behaviorism, 1925, 193. 
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The behaviorist does and must abandon his ideal of absolute objectivity in 
his practical work. The following quotations offer additional and substantial 
corroboration to the statement that even the most enthusiastic behaviorist em- 
ploys subjective methods and inferential thinking. 

“All children, according to our observation, at first think aloud.’”® 

“Every time I question young children, or even college duates, I am 
struck by their dumbness—by their inability to tell how they do things and to 
manipulate verbally their material and social world. Why can’t we teach the 
child from the beginning to verbalize his manual activity? Why not throw 
away textbooks—give brief verbal or written problems—then let the child 
work out his problem in chemistry, physics, agriculture with his hands, and 
write and talk out his technique as he goes along.’’!° 

“TI would feel perfectly confident in the ultimately favorable outcome of 
careful upbringing of a healthy, well-formed baby born of a er line of crooks, 
murderers, thieves, and prostitutes. . . . Give me a dozen healthy infants, well- 
formed, and my own specified world to bring them up in and I’ll guarantee to 
take any one at random and train him to become any type of specialist I 
might select—doctor, lawyer, artist, merchant-chief and, yes, even beggar-man 
and thief, regardless of his talents, penchants, tendencies, abilities, vocations, 
and the race of his ancestors.’’" 

“The time was when we used to think it took generations to make a well- 
bred person. Now we know parents can do it in a few months’ time if they 
start to cultivate the garden before the weeds begin to grow.’’” 

It is strking that the preceding speculative statements should have been 
made by a behaviorist. These statements may illustrate the fact that reaction 
occurs in the thinking of a single individual. Certainly, it is difficult to validate 
the quotations given above if one adhere strictly to the principles of behaviorism. 

The postulates of Watson and others may best be understood if they are 
regarded merely as violent reactions to the extreme subjectivity of former 
generations. Since action is followed by reaction, common sense will doubtless 
reassert itself as a guiding principle in the student’s endeavor. The lure of 
absolute objectivity will not forever move the pendulum in one direction only. 
The expectation that science may be absolutely objective is as illusory as the 
expectation that science may arrive at a complete explanation of the universe." 
Ohio University Harvey C. 
University of Kansas Pau A. Witty 


An Imace or SpecTACcLE Rims 


The new treatment of the image in terms of a conditioning process of some 
sort is certain to lead to a scrutiny of descriptive accounts of imagery in order 
to determine at what points objective experiment may profitably begin. The 
spatial and color characteristics of the visual image suggest themselves as a 
most promising field for work. Size, localization, and other features of the 
image would seem dependent upon habits of eye accommodation, convergence, 
adaptation and the like. The following report is given without specific inter- 


a aoe Watson, The myth of the unconscious, Harpers’ Mag., 155, 1927, 504. 
bid., 507. 

uJ. B. Watson, Behaviorism, 1925, 82. 

2J, B. Watson, Night and daytime care of the child, McCall’s Mag., March, 
1928, p. 38. 

ngince this article was written, Kéhler also has pointed out the lack in 

ip yg science of the absolute objectivity demanded by the behaviorist (W. 
ohler, Gestalt Psychology, 1929, 30 ff.). 
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pretation, but it suggests several interesting possibilities. It is an account of 
an image of spectacle rims, to be described in detail later, which always appears 
when the spectacles are off and the illumination is reduced to a minimum. It 
fades out as dark adaptation sets in. This image is so extraordinarily like the 
perceptual experience that the observer has at times been deceived into think- 
ing he was wearing his glasses when they were off. The failure to confirm his 
visual experience by a tactual one when he raises his hand gives him a feeling 
of bewilderment. The rims appear a velvety black against the black of the 
background. 

The detailed description may be given in the words of the observer himself 
(G. Goodman). 


I have worn glasses for eleven years for myopia. I wear them usually all day, 
except occasionally when reading or writing. The present pair, with heavy 
black frames, have been worn a year and a half. When light conditions are 
right and the i are off, an image of about an inch of the bows and the 
upper outside half and lower outside quarter of the rims appears as in the 
accompanying sketch. 


The lower and upper inside half portions of the rims are not visible, nor are they 
visible when the glasses are on and the eyes are in the habitual position, 
though the remainder of them is. The lenses are clover-leaf shaped. 

_ My attention was attracted in the winter of 1928 to this image of spectacle 
rims through some observations I was making on peripheral vision. A diml 


y 
lighted window was being observed after turning out the electric light. The 


window could be seen only at the peri 


ces As my head was turned from side 
to side in order that the window might fall on the peripheral retina, a likeness 


of the spectacle rims was also definitely seen against the illumination of the 
window. The room itself was very dark; the window was partially covered 
with vines on the outside, and the small amount of light present was due 
mostly to reflections from the moon. 

After first noticing the image, observations were made nightly for several 
weeks; several precautions were taken. In the day time, with the glasses off, 
it was noted that when the eyes were fixed on an object directly in front and the 
head was then turned to the right (or left) the bridge of the nose was visible 
to one of the eyes. It was thought that the curve of the bridge of the nose 
might, in the nocturnal observations, have suggested the rest of the image. 
Subsequently, therefore, one eye was held shut during the observation—the 
right one when the head was turned to the right, the left when the head was 
turned to the left. The image appeared as before. The image rapidly becomes 
dimmer and in a couple of minutes has almost faded out. Possibly this oro | 
is due to the seeming increase in brightness of light in the window as retin 
adaptation sets in. In order to determine whether the image behaves as would 
a positive after-image, a number of observations were attempted. For ex- 
ample, the points on the window that a part of the image covered were noted. 
The eyes were then moved from side to side of the window, while the head 
was held stationary. The image did not move. On the other hand, if the eyes 
were held on one spot on the window and the head moved in any direction the 
image followed. essing the eye-ball did not, apparently, cause a distortion 
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of the image as it would in the case of an after-image. Another point of interest 
in this connection was the fact that the results were unchanged even though 
the spectacles were removed five hours before the trial. Once the glasses were 
not worn for twenty-four hours previous to the observation, but the image 
appeared as before. 

During observations made at later times it was noticed that if the back- 
ground (wall of the darkened room) did not have any partially illumined area 
(i.e. a window), the entire image as diagrammed above could be seen at once, 
instead of just the portion that had the window as a background. 


After submitting the above report, the observer made incidental observa- 
tions on this image of spectacle rims for more than a year. On one occasion, 
while ill with influenza, he removed his glasses on a Tuesday noon, wore them 
again Wednesday morning for about twenty minutes, and then removed them 
again until the following Monday morning. On Friday and Saturday evenings 
the image was noted under the conditions described above. Sunday evening he 
forgot to watch for the phenomenon, but Monday morning before the glasses 
were put on, the room was darkened by drawing the shades and upon turning 
off the electric light the spectacles were visible for a few seconds. Apparently 
the appearance of the image was unaffected by the long absence of stimulation. 
The spectacles had not been worn for 120 hours. 

A second report is given of the image seen July 1928 under slightly differ- 
ent conditions, although the light conditions were similar to those existing when 
the image was first noted. 

On the evening of this observation there was no moon and the stars were 
veiled in a thin haze. I was hiking down a steep-walled, forested canyon and 
the surrounding spruces shaded much of the faint starlight so that even my 
hand was invisible when held in front of my face. Only the faintly lighted sky 
could be seen. The phenomenon was noted about Io P. ., and since no other 
light had been seen since dusk the eyes were dark adapted. I happened to 
take off my glasses, and a few seconds later noticed an image of the rims when 
I looked at the sky. Due to the broad expanse of sky, the entire portion of 
rims and bows that was observed in the former experiment (i.e. about an inch 
of the bows and the upper outside half and lower outside quarter of the rims)— 
could be seen at once when looking above the horizon. Further experimenting 
was not done as I was quite fatigued from the day’s hike. In this instance, to 
repeat, the image was observed after dark adaptation had taken place. Hereto- 
fore the image had been noted only immediately after turning out an electric 
light, fading out as the eyes became dark-adapted. The characteristics of the 
image were the same as previously described. 

In addition to G’s own report a few laboratory observations may be cited. 
Nov. 6, 1928, G reported at the laboratory at 4 p.m. He at once removed his 
glasses and the following tests were tried: 

(1) G went into an inner room which had been darkened. A little light 
came in at the edges of the curtains. He got the usual image at the natural 
position of his spectacles. He alternately opened and closed the two eyes and 
moved his head from side to side so that the image appeared in peripheral 
vision. The image began fading at 50 sec. and had vanished by 80 sec. 

(2) After a short interval in an outer daylighted room G returned to the 
dark room and saw the image a second time. It lasted 60 sec. 

(3) G next returned to the outer room and for 3.5 sec. looked through a 
window at the bright sky. He then returned to the dark room and again got 
the image which persisted for 80 sec. 
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(4) He again spent 1 min. in the daylighted room and returned to the dark 
room. The image persisted for 65 sec. 

(5) After a brief interval of about 45 sec. in the light room he went back 
to the dark room. The image was very dim and lasted only a brief interval. 

(6) Electric light was turned on in the outer room and for 3 min. G stayed 
under the electric light, but did not stare at it. Then he went into the dark 
room. The image was seen clearly. The experimenter then tried the effect of 
introducing light by raising very slightly the curtain into the outer room. 
Light, except a very little, caused the image to vanish; with return of dark, 
when the curtain was again lowered, the image reappeared. It was quite pos- 
sible to admit and shut out the light quickly and to get an alternate vanishing 
and reappearance of the image. The image died out in 112 sec. (Total time 
since G entered room). This last experiment is interesting in its outcome since 
a slight amount of objective illumination caused the image to vanish. This 
result is consistent with the usual loss of the image as the eye becomes dark- 
adapted and a dim illumination occurs. The image apparently can always be 
seen under the right conditions of illumination, but those conditions are nar- 
rowly determined. The frames, it will be recalled, are seen as a velvety black 
against a lighter black. 

In making the above observations G turned his head from side to side, 
using only one eye and getting the image in peripheral vision. He reported that 
he also gets the image in direct vision with both eyes open and directed straight 
ahead, although less of the rims is seen. Accordingly a second series of labora- 
tory observations was made April 4, 1929, in which both eyes were kept open 
and directed straight ahead. Otherwise conditions were similar to those of 
November 6. 

(1) G, who had been working all afternoon in front of brightly lighted 
windows, studying botanical specimens mounted on white paper, after re- 
moving his glasses walked immediately into the dark room. He was instructed 
to look straight ahead so as to get the image in direct vision, and to report 
when dark adaptation made it possible for him to distinguish articles in the 
room; specifically, when he was able to distinguish in the dark the book-shelves 
from the wall at which he was gazing. The image was seen at once and per- 
sisted 7.5 min. Adaptation proceeded very slowly, much more slowly than 
for the experimenter who was also in the room. The eye was not completely 
adjusted to the dark until 11.5 min. By that time objects could be seen rather 
easily, even sheets of paper on the writing desk. The objects began to appear 
rather suddenly, but none of them until the image of the spectacle rims had 
totally disappeared. The image itself, during the early part of the experiment, 
was quite as clear-cut as a percept. G felt exactly as though his glasses were 
on. He also felt that dark adaptation had gone on a little more slowly than 
usual, perhaps because his eyes were so completely light-adjusted at the be- 
ginning of the experiment. 

(2) After a short period of light adaptation in an outer room, G returned 
again to the dark room. This time dark adaptation took place within 2 min. 
The image of spectacle rims as seen in direct vision vanished in about 1 min. 
but it could be seen slightly longer in peripheral vision when the head was turned 
to the side. 
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Repeated tests confirmed the previous observation that it was possible to 
banish the image by introducing a small amount of light into the room, and 
then by redarkening the room to cause it to reappear. 


The report is submitted without interpretation since it is impossible to 
determine in any detail the actual eye conditions. Under ordinary con- 
ditions with his glasses off, G squints somewhat. The effect of squinting, 
at least in daylight vision, approximates to some degree the clearing up of 
vision effected by spectacle lenses. G reports that from repeated observation 
he is confident there is no tendency to squint in the dark. Is it the absence of 
squint which suggests that the glasses are on? 

University of Wyoming Grorce J. GoopMAaN 

June E. Downey 


Tue Twenty-FourtH ANNUAL MEETING OF THE SOUTHERN SOCIETY FOR 
PHILOSOPHY AND PsyCHOLOGY 


The twenty-fourth annual meeting of the Southern Society for Philosophy 
and Psychology was held at the University of Kentucky, Lexington, Kentucky, 
on March 29-30. It was originally scheduled for the University of Missouri, 
but because of the recent disturbances at that institution, due to the reported 
dismissal of certain of the faculty members, the council at a late date accepted 
the invitation of President Frank L. McVey to meet at Lexington, and im- 
mediately announced the change as widely as possible. This change necessi- 
tated some alterations in the program, but all these requirements were effi- 
ciently met by Professor Paul L. Boynton, acting chairman of the department 
of psychology in the University of Kentucky, and his co-workers. The first 
session opened somewhat after the hour scheduled—8:30 a.m.—with a short 
address of welcome by President McVey. 

John R. Kirk (Missouri State Teachers College) in the first paper given 
discussed student efficiency in elementary college courses in relation to size of 
class. In the past, he contended, the question had been left largely to arbitrary 
opinion. In an experiment on classes of different sizes in which such related 
factors as intelligence, ability in English, efficiency in courses other than psy- 
chology, etc. were controlled experimentally, he found no loss of efficiency in 
psychology work in large classes. For example, 38 students, selected for 
practical equality in these other respects, were taught in a large class of over 
50, and made psychology scores which did not differ significantly from those 
made by 24 comparable students in small classes. In discussion, the author 
made it clear that he did not regard these results as valid for all instructors, 
regardless of emotional make-up and habits, but he held that the maximum 
number of students whom any instructor can efficiently handle is a matter for 
experiment, not one for opinion to determine, and that the problem is an im- 
portant one for elementary classes in present-day colleges. 

C. A. 8. Dwight (Keuka College) followed with a philosophical paper on 
the subjectivity of the ‘objective,’ holding that being ‘objective minded’ is good 
as far as it goes, but that the objective reality is not so well defined as is often 
assumed. The investigator goes out to find what he can in the world, but he 
has ordinarily no idea of how much of himself he carries with him into the ‘ob- 
jective world.’ This, he suggested, is true of the experimental psychologist, 
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and even of the physicist. All the quantitative work of physics does not itself 
take us into the heart of reality; as it advances we continue to look forward to 
the reaching of this core. Is reality something that we must reach in that way, 
or can we get it only by participation in it? Contending that reality is a process 
of participation he rejected the inner-outer aspects because of the unsatisfac- 
tory space reference in this view, and held that the subject-object reference is 
preferable. But reality is not a mere ‘thing world,’ nor is it a ‘thought world.’ 
It is an interacting process which does not exclude ourselves. While the 
skeptic affirms that we can never reach ‘the reality,’ the author’s contention 
was that we are already there. The paper did not seem to the reviewer to be 
wholly free of implications of duality, and when the author was asked ‘“How 
can one tell who is most completely in the reality, or are we all alike there?”’ 
he was hardly clear as to his solution. Sanborn, taking up that question, held 
that logical consistency or coherency is the answer, not, indeed, mere practical 
consistency as settled by majorities, for one person may in certain cases be ‘a 
majority.’ In further discussion it was brought out that testable hypotheses 
must outweigh mere opinion, as to what is coherent or consistent; but it is 
evident that all hypotheses are more or less limited to certain relations and are 
therefore neglectful of others, and that an entire coherency is a condition that 
is yet remote. A paper by W. B. Smith (Tulane University), read in his ab- 
sence by a member, continued the philosophical approach. The paper, dis- 
cussing ‘shadow land,’ took the position that this whole world which we have 
learned to measure and study is a land of dreams. Reality cannot be considered 
as made up of original ‘lumps;’ such a block reality has evaporated in modern 
research. Physicists are far enough apart in their views as to the character 
of the objective world. Their reality is a system of concepts. It is hard to get 
away from the perceptual world, but science has long ago revealed its limita- 
tions as taken naively. Which world, the conceptual or the perceptual, is the 
more real? Both are probably correct. The present conjecture, at any rate, 
is that both represent ‘mental constructs’ which are young and still in the 
making. The conflict between the two must be settled not by abstract reason- 
ing, but by matter-of-fact, common sense methods which are constantly being 
refined with the advance of experimental technique. The image seen in the 
mirror does not reveal the world behind it as it appears to do, the percept being 
a construct of the viewer before it. But the world before the mirror is likewise 
a visual construct of the observer. It disappears when he closes his eyes, but 
he can still demonstrate its existence by means of hearing, touch, etc. These 
are, however, less accurately revealing ‘avenues’ than is vision. Together they 
may give a more exact picture of reality than can any one alone. In the case 
of vision, refraction is another matter to consider. We see the sun after it has 
set physically. Which is the sun, the seen or the astronomically determined 
sun? Consider the rainbow. Each person’s rainbow is peculiarly his, to say 
nothing of the subjectivity of the colors. No two persons can have quite the 
same rainbow at any time or place, but their respective rainbows become more 
and more alike as the observers approach the same position at any given 
moment. So with the world in general as perceived by different persons. 
There are as many visual worlds as there are observers. Is there an independent 
physical world which they all imperfectly reflect? No. The reality is somehow 
the total complex of all these experienced worlds. Science seeks to codrdinate 
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all of them and it cannot do this in the tridimensional space-world. One’s per- 
ceived world is only a small part of his own reality. There is not a corre- 
spondence among the various equations of the different perceptual realities. 
but when the equation of reality becomes perfect such a one-to-one corre- 
spondence does obviously exist. If x? + y? + 2? = 100, it matters little if any 
of these terms, x, y, or z becomes zero. The equation is still true, the sum re- 
maining 100. So with the disappearance to any one of us of the tree, the moun- 
tain, or any part of reality. All our ‘signs’ are but aspects of one universal 
spirit. Query: Is this ‘universal spirit’ itself a dream, or the reality? 

In the absence of J. A. McGeoch (University of Arkansas), his paper on 
the influence of degree of interpolated learning upon retroactive inhibition was 
read for him. By methods essentially those employed in his former work 
[see, e.g. the April number of this JouRNAL, 252-262] he found on 42 Ss with 
10-syllable lists of nonsense material learned under complete presentation 
with time limits of 120 sec. for original lists, and of 60, 90, 120, 150, and 180 
sec. for interpolated lists, that the degree of ‘retroactive inhibition’ increases 
14.5% with increases of interpolated learning-time from 60 to 150 sec. and 
that it falls from that point 8.76% when this time limit is increased to 180 sec. 
Decreases of but slightly more than this occur if the interpolated learning-time 
is increased to 240 sec. Thus neither relatively small nor relatively large 
amounts of interpolated learning gave complete freedom from the ‘retroactive 
inhibition.’ The reviewer would certainly interpret these results in another 
way than by the assumption of retroactive inhibition, which somehow acts 
back on and undoes certain learning fixed in the past. The paper itself did 
not, it should be made clear, insist on the sort of effect implied by the term used. 
But why not discontinue a term that is so objectionable in its implications of a 
particular interpretation which may be weak? 

C. N. Rexroad (Stephens College), in a paper on objectives of the first 
course in psychology, reported that many students have a deep and sensible 
interest in psychology and not merely a superficial curiosity relating to such 
subjects as hypnotism. They desire to know how different persons inter- 
stimulate one another to behave as they do. The student, he had found, is 
inclined to believe that the ‘mind’ holds the key to such behavior, so he wants 
to know about the mind. He soon learns, however, under proper guidance in 
his study of psychology that the structure of the biological organism is an im- 
portant determinant of behavior and thus he comes gradually to a real interest 
in the nervous system, glands, muscles, etc., in short to a scientific approach 
to psychology. Rexroad sees no difference between a scientific and a practical 
course in psychology. The scientifically determined facts have all sorts of 
application to life for the intelligent and thoroughly trained student. W. A. 
Wilson (Ohio State University) and F. C. Dockery (Ohio Wesleyan Univer- 
sity) led in a discussion of this general subject. Wilson contended that it is 
necessary to make clear to ourselves what we are trying to accomplish before 
we can evaluate our methods, decide which tests to use, etc., and he suggested 
that the development in the student of some ability to use scientific methods 
is more important than the mere learning of ‘facts’ as given in the usual text- 
book. Elementary texts, he said, gave no adequate picture at all of psychology 
as it exists today, that is, of the problems and methods on which psychologists 
are actually at work in the laboratories; and they do not afford training in 
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scientific methods. Dockery pointed out that there are several points of view 
from which the question as to what should constitute the content of the first 
course can be approached. The instructor, representing the science, desires 
to have students know the things that he is interested in and accept his point 
of view. The students’ point of view, he held, is to know something about them- 
selves, and they are willing to sit down and have it poured in like so many doses 
of medicine. Then, there is the point of view of instructors in other related 
departments, who want their students to have some ‘psychological facts’ in- 
stilled into them as foundation work for courses in these departments. Dockery 
has tried to take note of all these points of view. On the whole he prefers 
giving “real psychology” to something about psychology. He made the inter- 
esting statement that “many students are so set in their own opinion that they 
never will adopt mine.” Is not such a statement indicative of a dogmatic 
procedure in teaching which is likely to insist upon certain things as facts 
without developing their real bases and the methods of their derivation and 
evaluation? And is such a method not one reason why students seem to some 

_instructors ready to sit and have alleged facts ‘poured in’? With these markedly 
different points of view before the Society, the discussion wandered at random 
from this to that opinion. On one extreme was an insistence on the acquire- 
ment of facts, while on the other it was held that students ought to be interested 
scientifically in the subject and given training in the use of reliable methods of 
evaluating alleged facts and hypotheses about mental life and behavior. It 
seemed to be generally agreed that the instructor should not try to make 
psychologists of all his students, since only a few of them would finally specialize 
in the subject; and also that most of the present textbooks are inadequate. On 
this latter point the agreement was not so complete. A free-for-all discussion 
of this sort probably reveals to a keen observer the reasons why students 
often find psychology so uninviting a subject. 

C. R. Griffith (University of Illinois), in the first paper of the afternoon 
session, described his kinaesthetic pursuit meter. S traces a line on a rotating 
paper belt, while the carriage which holds the pencil is acted upon at irregular 
intervals by two magnets pulling sidewise in opposite directions at variable 
strengths of 2 to 10 Ibs. Since the problem for S is to keep to the line, it is 
necessary for him to oppose the force from either side, as soon as it appears, 
with a counter-balancing adjustment of the muscles. A time-recorder marks 
on the paper a scale of 0.02 sec. units so that the degree of accuracy of tracing 
of the line is shown in an objective curve accurately timed. It is obvious that 
this meter may have useful applications in the psychology of industry. 

L. H. Lanier (Vanderbilt University), on the reliability of time and rhythm 
tests, reported that the older subjective methods of the measurement of time 
intervals probably deserve the relative obscurity which they now enjoy, but 
indicated that the more quantitative methods—such as having S judge pairs 
of intervals as to whether the second is shorter or longer than the first, or having 
him reproduce an interval equal to one given—though they have the ear-marks 
of objectivity, have not been carefully evaluated experimentally as to their 
reliability. This seems to be true even of the now much-used Seashore tests, 
time and rhythm, so far as their author is concerned, and Lanier’s own results 
and those of Ruch and Stoddard show for these tests a rather low reliability. 
The point emphasized in the paper is that these various quantitative proce- 
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dures still lack something in the psychological aspects of their administration 
and use which it is very desirable to have, if they are to be used with confidence 
in psychological investigations. The consistency of results with any one method 
is a fundamental concern to experimental psychology. Preliminary results of 
six different experimental approaches to this problem of reliability of time- 
interval measurement yielded data which were far from satisfactory. These 
tests and results we do not need to consider here in detail. The Seashore time- 
intervals test, for example, which in an earlier determination by Lanier yielded 
on two applications to 130 college students a coefficient of reliability of 0.45, 
in the series of tests here reported gave, by the same method, a coefficient of 
only 0.39 on 20 male college sophomore students in experimental psychology 
in New York University, despite a careful following of the author’s instructions. 
The Seashore rhythm test on this same group gave a coefficient of 0.42, as 
compared with that of 0.50, which was earlier reported by Lanier on 130 college 
students. In both cases the scores in two separate applications of the test were 
correlated. The paper closed with an emphasis on the necessity of having 
very careful and exhaustive experimental work done toward discovering means 
and methods of raising the reliability of tests of this nature. In the discussion 
which followed it was brought out that the effect of different degrees of practice 
on reliability of such tests should not be neglected in the work suggested. 
Following a paper by J. L. Leggett (Transylvania College), comparing the 
test records of students entering with their remaining through college to the 
point of graduation, and showing the usual greater probability of graduation 
by those who received a score above the third than below the first quartile, 
H. C. Sanborn (Vanderbilt University) discussed the important topic of demo- 
cratic control of education. He traced the developments from the time when 
“the institutions of higher learning in America were . . . established for the 
purpose of providing the religious leaders of the growing nation with a suitable 
intellectual background,” to the present. In the early days “faculties were 
selected with reference to ecclesiasticai, and even narrow sectarian, require- 
ments long after the theological schools had expanded into colleges and uni- 
versities,’’ and the effect of this state of affairs is felt in some departments of 
these institutions even to the present time. In spite of the obvious defects of 
such a system, it was contended in the paper that there was more sincere de- 
votion to truth than we usually admit. With this situation, various undesirable 
ones now existing in America were contrasted, and numerous conditions tending 
toward the lowering of standards and the making of educators themselves into 
mere employees hired to teach just what they are told to were graphically, 
and probably even too pessimistically, described. From these undesirable 
conditions there seems to be no escape other than to make the educators in dif- 
ferent lines themselves the determiners of standards in their own fields. The 
situation in psychology in many Southern institutions, as revealed by the 
Committee on the Teaching of Psychology, was taken as an example. It had 
been shown that a very large proportion of the teachers of psychology in the 
smaller colleges were totally unqualified in training for this line of work. The 
Southern Society therefore found it necessary to define standards as to qualifi- 
cations for teaching psychology, both elementary and advanced, and as a con- 
sequence the Society publishes now annually a list of institutions equipped with 
properly qualified instructors, adequate library and laboratory facilities, etc. 
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to train students either in elementary or in advanced work in psychology. This 
list is published and distributed to over 420 Southern institutions and also to 
leading American universities so that students unprepared to do satisfactory 
work may be required by psychologists, when such students transfer to better 
equipped institutions, to get the necessary training as a prerequisite to higher 
courses, even if they must repeat courses already taken. This method has also 
been taken up by the philosophers in the South, and it is suggested that a 
similar plan should be carried out by specialists in all the subjects of the cur- 
riculum. If this is done, no institution can long continue to maintain in any 
department of instruction a teacher who is discredited by his colleagues, what- 
ever his local popularity gained by methods of cheap competition and self- 
advertising may be. “The objection that the plan proposed for standardizing 
teaching ignores the fact that an instructor’s fellow-specialists would not be 
able to judge concerning this teaching ability would not be valid, since the only 
purpose of the plan is to determine whether the incumbent of a given position 
is fit to teach the subject, granted that he actually does have teaching ability.” 
The plan was not offered as a panacea, but it would put into the hands of edu- 
cators along the several special lines a means of considerable effectiveness in 
opposing some of the degenerative influences now at work in our college life, 
and in guarding the rights of students in their pursuit of knowledge and scien- 
tific training. 

Max Meyer (University of Missouri) gave the closing paper of the afternoon 
session. He divided theories as to cochlear activity into two general classes— 
those for which elasticity of some structures in the inner ear is indispensable and 
those for which such elasticity is irrelevant or else of decidedly secondary 
importance. Helmholtz, he pointed out, did not originate the theory of 
stretched strings, this having been first suggested by Cutugno (or Cutufio) in 
1780. He also pointed out that Bonnier had first suggested a theory of the 
second type. His own theory, of course, falls in this second class and was 
called the Bonnier-Meyer theory. Meyer criticized certain writers for holding 
that his own theory assumes that a traveling bulge proceeds up the cochlea. 
The operation of the basilar membrane according to his theory is shown by a 
model which he had prepared and exhibited in the Ohio meeting of the American 
Psychological Association but which he did not now have with him. In the 
discussion it was suggested by Peterson that the large, slow-operating model 
does not prove that the basilar membrane in the ear operates similarly, and 
that it would be well to construct a very small model after the order of the 
cochlea and test it on relatively high frequencies with a device for photo- 
graphing at very short intervals the different positions assumed by the ‘basilar 
membrane.’ In the discussion Meyer made the remark, not published so far 
as the reviewer knows, that the cochlea functions differently for high than for 
low tones. 

At the close of this session the members of the Society and others present 
were pleasantly entertained at tea by President and Mrs. McVey in their home. 

J. C. Barnes (Maryville College) reported results of an application of the six 
Seashore music tests to 200 college students. The average score secured was 
equal to Seashore’s 39 percentile, and only on two tests did the Maryville group 
reach a higher median than that given in the norms. “Very little’ correlation 
was found between music test and intelligence test scores, but the former gave 
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“a high correlation” with grades earned in music courses. There was no ade- 
quate consideration given to the criteria with which the music scores were 
compared, and a tedious preliminary description of the tests now so well 
known was given in the paper. 

Noel B. Cuff (Eastern Kentucky State Teachers College) read a paper on 
vocabulary tests, giving summaries of a survey of results by different methods 
of determining vocabularies at various age-levels. Data on an original study 
of his own, using a vocabulary list of one hundred words selected according to 
a predetermined plan from Webster’s Shorter School Dictionary, were also 
given. The Ss were asked each to indicate meanings of terms by underlining 
in every case the one of five words or expressions which most nearly defined the 
word in question. The test had been given to 1110 students (both white and 
negro) at different grade-levels up to the level of some who were entering col- 
lege. A marked deficiency was noted in the negro vocabularies as compared 
with those of white Ss, but determinations of the effect of the particular 
technique used on negro children as well as of their generally inferior environ- 
ment and training have not been made. In similar environments of the dif- 
ferent Ss the size of vocabulary correlates rather highly with intelligence. The 
functions and limitations of vocabulary tests were briefly considered and it 
was indicated that determinations of reliability and validity by different 
methods need careful attention. On his own test the author reported a reliabil- 
ity coefficient of 0.87, but the degree of heterogeneity of the Ss was not fully 
indicated. 

Joseph Peterson (Peabody College) reported experiments on the eye-wink 
under different conditions of control or regulation. The eye-wink is normally 
an autonomic process like breathing, not basically a reflex, (Ponder, 1927); 
but, also like breathing, its operation is influenced by emotional conditions and 
by external stimuli of different kinds, and, in linguistically trained persons, 
by instructions to do certain kinds of mental work. When told to inhibit the 
eye-wink as long as possible, the Ss after a time ‘forget’ to do so (lose their ‘set’) 
and the blinking assumes normal activity. When told to “wink as fast as 
possible,’’ S winks for a time with great regularity and at a rate of about 334 
winks per sec., close to the period of the scratch-reflex in Sherrington’s decere- 
brate dogs. By means of an electric recording apparatus with a contact piece 
attached to eye-glass frames, objective wink graphs were made on a kymo- 
graph drum, together with a time scale. It was suggested that the wink 
mechanism and neural diagrams constitute valuable material for use in ele- 
mentary courses in general psychology, since by easily devised experiments all 
levels of acts from simple reflex and autonomic to voluntary can be objectively 
studied. 

Hilda Threlkeld (Hamilton College) reported results of a personnel study 
of junior college girls. Averages of scores on various tests and teachers’ esti- 
mates of native ability were correlated with school grades. Coefficients of 
0.68 with college and 0.78 with high school records were obtained. Weight- 
ing schemes in averaging were not given, and it was not ascertained whether 
the higher correlation in the case of the high school records was due to a better 
acquaintance of teachers with pupils, less care in not letting the grades of 
students affect teachers’ ratings as to intelligence, greater heterogeneity of 
high school than of college students, or what not. The statement made in the 
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conclusion, as the reviewer got it, that “any standard intelligence test has a 
high enough correlation with the criteria to be used for testing” is questionable 
unless we consider for what purpose the testing is done. For prediction and 
individual guidance or advice it is certainly not to be taken seriously, since a 
correlation of even 0.78 gives very low predictive value. 

H. M. Johnson (University of Pittsburgh), on the logic of metaphysics, 
argued that the provlem frequently set in psychophysics, to deduce from stimuli 
and bodily responses the corresponding changes in mental content, is absurd. 
The fact that two terms are somehow related does not make possible the de- 
duction of either term from the other, unless the form of the relationship is also 
given. Even though Y = f(X), we cannot deduce the particular value of 
Y; of Y from the corresponding value X, of X until the expression f(X) has 
been expanded or made specific. Moreover, the assumption of certain relation- 
ships between mental and physical when the mental changes corresponding to 
the physical changes are not even observed is invalid. For example, Fechner’s 
judgment of a “just noticeable difference in intensity of sensation” is not based 
on introspectional data at all, but only on a two-fold classification of stimuli— 
one according to physical intensity and the other according to the frequency 
with which each stimulus is followed by a conventional response. Such pro- 
cedure, he contended, is an illicit identification of a fact of definition with one 
of observation. 

T. L. Purdom (University of Missouri) discussed briefly, without giving 
his detailed results or evaluating their reliability, the traits in college students 
which are associated with success. He asserted that 40% of the freshmen 
studied either did not remain in school to the end of the semester or else re- 
ceived grades in the fourth or fifth level, and also that about a third of the 
students failing have above average intelligence. The estimate seemed to be 
a sort of impressionistic one, and can be evaluated only by careful checks with 
experience in other institutions. Results of this sort are certainly important 
enough to be carefully correlated with the personality and efficiency of in- 
structors by some sort of independent objective standard. 

Clara Chassell Cooper (Wallace Court, Richmond, Ky.) exhibited, by 
means of charts, a uniform method of tabulation of investigations, particularly 
of the relationships of ‘morality to intellect.’ Gathering, by this means, all 
the data available from some four-hundred reports on Ss of different nationali- 
ties, she concluded that the relationship between morality and intellect is that 
indicated by a coefficient of correlation of a little less than 0.40. She urged 
the necessity of giving complete data in such researches, including name of 
investigator, date of the investigation and of publication, description of Ss and 
their number, and (in general review) the selected findings of critical import 
and their diagnostic significance in the form of correlations with reliable 
criteria, as well as reliability measures; and suggested that editors refuse to 
print articles giving incomplete data in these regards. Deficiencies were fre- 
quently found in published articles. The author gave no information as to 
methods of weighting different findings or of evaluating critically the corre- 
lation which she arrived at. 

L. R. Geissler (Randolph-Macon Woman’s College), in the presidential 
address given after the annual banquet on the evening of the 29th, chose for 
his subject ‘“The Objectives of Objective Psychology.” The paper, which will 
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be published in full, was well thought out. Objective psychology was defined 
as “‘one of the sciences of human nature which, from the existential and the 
genetic point of view, deals with the concrete ways in which human beings are 
impressed by, and respond to, their physical and social environment.’”’ The 
objectives of such a science are “‘to determine as accurately and fully as pos- 
sible (1) what kinds of impressions human beings receive from the external 
world, from other human beings, and from their own internal activities; (2) 
how these impressions are influenced by such factors as heredity, physiological 
structures and functions, growth and learning, and peculiar external and 
internal conditions; (3) what kinds of responses human beings are capable of, 
how they come about, and how they are influenced by the same factors of 
heredity, physiological structures and functions, growth, learning, and peculiar 
external and internal conditions; (4) what general laws and principles seem 
to underlie these various facts; and (5) what applications can be made of the 
knowledge of these facts and laws to various fields of practical human en- 
deavor.” The author criticised behaviorism for attempting to substitute for 
the concrete or subjective facts of mental life an empty abstraction of behavior 
without consciousness, for reducing thereby psychology to a subdivision of 
comparative physiology, and for being inconsistent in its mechanistic approach 
to its subject-matter by recognizing ‘social’ behavior and ‘social’relationships, 
although the term ‘social’ can have significance only for an individual who is 
conscious of his fellow beings, who has definite feelings and evaluating atti- 
tudes towards them, and who interprets their behavior in terms of his own 
consciousness and behavior. He warned against making measurement an end 
in itself instead of a means to an end. Surely, even in this deliberate paper, 
attempting an impartial evaluation of a somewhat new movement in psychology, 
the author reflects a grotesque and extreme notion, probably arrived at by a 
gradual and ‘unconscious’ development in a peculiar atmosphere. It is unfor- 
tunate in some respects for any science that such group attitudes should reach 
extreme stages affording only part-vision. The reviewer who has grown up 
with American behaviorism, though probably not on it, and who has more or 
less consistently thought of himself as behavioristically inclined does not 
recognize—except in extreme statements of individuals in their extreme mo- 
ments—the school of investigators thus described. All the behaviorists whom 
he knows seem to be human, to be attentive to others’ expressions of discom- 
forts—if not directly to their discomforts—to their pleasures, etc., and they 
appear to differ among one another and themselves concerning several of the 
views (for they have views) ascribed alike to all of them, or to the bugbear 
behaviorism. They do not seem to believe in a mere existential reality in terms 
solely of visual patterns in a tridimensional reality. Most of them could not 
follow the author in his apparent dualism; many would not agree that they 
deny conscious experiences, though they would not accept consciousness as a 
stimulus to or a regulator of activity; all recognize social relationships both in 
their social and professional lives and they enjoy friendships alike both with 
behaviorists and non- or even anti-behaviorists. They could not be quite sure 
as to what the author meant by the external world and could not agree among 
themselves as to its definition. They recognize and attempt to measure 
‘evaluating attitudes,’ and probably all of them are still using measurements 
only as means to the end of advancing human life even in its finer relationships. 
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In such work they sometimes, indeed often, are compelled to go beyond the 
third dimension, so they cannot all be purely visually minded. They probably 
all see a distinction between psychology—or ‘behaviorism’ if one prefers that 
term—and comparative physiology, and believe in checking their results in 
research by as objectively consistent methods as possible. 

The following new officers were elected in the business metting: Max F. 
Meyer (University of Missouri), president; H. C. Sanborn (Vanderbilt Uni- 
versity) and Anna Forbes Liddell (Florida State College for Women), coun- 
cil members. The retiring president becomes also a council member. The 
invitations from Peabody College and Vanderbilt University for the Society 
to meet next spring in Nashville were accepted. 


Peabody College JOSEPH PETERSON 


Tue FourtH ANNUAL MEETING OF THE MIDWESTERN PsYCHOLOGICAL 
ASSOCIATION 

The fourth annual meeting of this association was held on May 10 and 11 
at the Illinois Union, University of Illinois, Urbana. There were five sessions, 
the first four being devoted to the presentation of formal papers each one of 
which was held open for discussion for a maximum of fifteen minutes. The 
papers of each session are summarized separately. 

During the Friday afternoon session over which Dr. H. M. Johnson (Mel- 
lon Inst.) presided the following papers were offered. 

H. Kliiver (Institute Juvenile Research) described the visual effects produced 
by mescal. The results produced were related to work done on after-images and 
eidetic images. Characteristic confusions of an hallucinatory sort were noted 
and described in detail. 

C. A. Ruckmick (Iowa) then discussed “emotions in terms of the galvano- 
metric technique.’”’ The point was made that certain bodily conditions like 
fatigue should be carefully studied before the results could be unequivocally 
interpreted. Tentative conclusions so far accepted were that a characteris- 
tically emotional curve can be detected and that its amplitude is proportional 
to the intensity of the emotion produced. Improvements in technique and in 
electrodal connections were illustrated. 

M. F. Meyer (Missouri) proposed a “‘new interpretation of the mechanism of 
accommodation in the eye.”” The musculature operates in such a way that the 
lens is squeezed out through the iris opening producing a marked bulge on its 
anterior surface. This is due to the fact that the vitreous humor is incom- 
pressible and confined. The only way in which lens could find relief under 
lateral stress is forwards. 

H. R. DeSilva and S. H. Bartley (Kansas) examined the effect of decreasing 
brightness in binocular perception and reported that the subtractive effect 
with decrease of light intensity as reported by O is not in direct proportion 
to the physical event. It is decreased 18% when the combined light intensity 
to both eyes is reduced 1/32. When the light to one eye is entirely shut off 
making a reduction of 1/2 it is apparently reduced only 25% over normal 
vision. 

Miss Mary A. M. Lee (Minnesota) closed this session with a discussion of 
“the reliability and interrelation of the knee jerk and measurements of steadi- 
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ness.” A significant relation was established between these two reflexes in 
spite of a high degree of variation of the individuals on record and in the 
records of a group. 

On Friday evening Professor H. A. Carr (Chicago) presided. P. E. Fields 
(Ohio State) offered the first paper on “a further study of form discrimination 
in the white rat.” He concluded that rats could distinguish triangular forms 
when presented close to the retina but when these forms were 27 cm. or more 
away the number of choices fell below the probability figure. During the dis- 
cussion, however, Lashley stated that he had been able to photograph retinal 
images in rats when these forms were from 50 to 75 cm. away. From this we 
can infer that while the retina images presumably existed they apparently 
were not prepotent factors in learning. 

This was followed by a paper given by J. G. Yoshioka (Chicago) on “modi- 
fication of spontaneous activity of rats by external stimulation.” One of the 
facts brought out in this experiment was that when rats were so situated that 
they could see their neighbors during the rotation of a cage they did not do as 
much work in rotating the cage as did those who could not see the others at 
work. 

G. D. Higginson (Illinois) offered a paper on “the behavior of the white 
rat in a rotated maze.” Three groups of animals were used in order to see 
whether a change in the position of the maze through turns of 90, 180, 270, and 
360 degrees in the horizontal plane would alter their learning time. The first 
group were trained and tested in the light with the maze in these new posi- 
tions. The result was that they were disturbed through rotation but with the 
groups that were trained in the dark and under such conditions that the total 
environment changed with the maze in the new position there was no difference 
in the result. The experimenter, therefore, concludes that there is little jus- 
tification in “sense of direction” in white rats. 

C. Jacobsen (Institute Juvenile Research) followed with “a study of cere- 
bral function in the Rhesus monkey.” After extirpation of various areas of the 
cortex in most cases no loss of acquired habits or ability to form new habits 
resulted. Deep extirpation, below the surface of the cortex, produced more 
serious results. 

C. R. Griffith (Illinois) exhibited some “photographic studies of muscular 
coérdination during fear.”” This study referred to certain gymnastic feats 
in connection with trapeze swinging. Lack of motor coérdination is due to 
initial awkwardness or to fear. The former is gradually eliminated, but the 
latter persisted for some time. An analysis was made of moving pictures in 
order to overcome this difficulty. An ingenious measure of gracefulness was 
developed in terms of the angular position of various parts of the body, taking 
as pivotal points the ear, shoulder, hip, knee, ankle and toe. To this was 
added the speed at which the various successful positions were effected. 

On Saturday morning under the chairmanship of Dr. C. A. Ruckmick 
(Iowa) a number of papers were presented on some general theoretical problems 
in psychology. 

The first paper by L. L. Thurstone (Chicago) gave a number of significant 
results in connection with ‘“‘a schedule for studying psychoneurotic personality.” 
The schedule consisted of 220 questions selected from a number of authors and 
edited for college freshmen. The Spearman-Brown procedure for calculating 
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reliability gave .96. An analysis of the results shows that those who received 
high neurotic scores on the test as a whole are much more likely to check each 
individual item in the neurotic manner than those who have received low 
scores. He also found that fraternity men were better emotionally adjusted 
than non-fraternity men. On the other hand non-adjusted subjects do better 
school work than the adjusted subjects. E. Culler (Illinois) then read a paper 
on “an empirical study of zero and negative intelligence.”” He pleaded for the 
conception of intelligence as including both positive and negative values on 
each side of a zero point as against the common assumption that it proceeds 
from a zero point below which no type of intelligent act occurs. He illus- 
trated various kinds of acts which could be distributed both below and above 
a theoretical zero. The responses showing negative intelligence are not only 
an absence of ordinary intelligence but are definitely of the maladaptive type. 
Zero intelligence is to negative intelligence as ignorance is to misinformation. 
Some of the salient distinctions were afterward brought out in the discussion 
with Thurstone. 


W. Beasley (Ohio State) reported some well controlled experiments on 
“uniaural and binaural reactions to alteration of phase relations in compound 
sounds.” ‘Two fundamentals were presented in the ratio of 2:3 at the fre- 
quency levels of 150, 300, and 600 cycles for the low tone. There was also an 
adequate control of intensity. The phase relations between the two funda- 
mentals were continuously changed by small degrees in the compound tone. 
When this was done a series of fluctuations of intensity resulted in the reports 
of four trained Os. In the final series the conclusion was reached that both 
fundamentals made the cycle of change from minimum through maximum and 
back to minimum loudness six times during one compound period of change 
of phase. 


R. H. Gault (Northwestern) reported some fundamental observations in 
connection with his well-known work on tactual perception of sound pressure 
under the title, ‘‘the eye of the lip-reader compared with his sense of touch as 
means of locating the accent in bi-syllables.”” He analyzed 124 records from 
22 subjects in connection with lip-touch-reading. By using two nonsense 
words, ‘loos-loos’ and ‘dub-dub’ pronounced 1070 times with changes of accent 
from one to the other of the two syllables the unequivocal result was that the 
teletactor gave the more reliable indication of accent even in the case of 
superior lip-readers. This has an important bearing not only on the inter- 
pretation of meaning for the word but also on the emphasis of words within 
sentence structures. 


O. C. Irwin (Ohio State) then described an “apparatus and a method for the 
continuous observation of newly born infants.” The experimental cabinet in 
which the infant is kept (except for the nursing period) under controlled and 
at the same time hygienic conditions, afforded two series of results: (1) the 
frequency of specific movements as observed and described by E; (2) the 
activity of the infant as recorded automatically by the stabilimeter. The 
effects on the reactions of the infant in changing from placental feeding in 
utero to alimentary feeding after birth were described. The paper brought 
out the remarkable control under which infants may now be observed during 
the first ten days of life. 
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In the afternoon session over which Dr. R. M. Elliott presided there were 
a number of miscellaneous papers mainly covering performances under ob- 
jective tests. 

F. Fearing (Northwestern) read a paper on “the organization, content and 
objectives of the elementary laboratory course in psychology.” Under the 
assumption that the elementary laboratory course is the fundamental intro- 
duction to experimental psychology the author advocated more specific attention 
to experiments which would elicit the interest of elementary students. The 
main claim of the laboratory is in the direction of a thorough-going knowledge 
of the subject-matter of psychology obtained first hand from experimental 
procedures. Information about psychology on the other hand can more readily 
be gleaned from the lecture and class room. A very intensive and somewhat 
heated discussion followed setting forth various points of view in regard to 
the fundamental aims of the laboratory course. 

W. C. Olson (Minnesota) urged a procedure of “measurement by direct 
observation” in connection with the study of animals and children. Nervous 
habits and disorders in the conduct of children furnished the material which 
was observed by this method. A series of charts demonstrated the advantages 
obtained by the use of a continuous period of observation as over against 
the dichotomous type of observation which involves the noting of the presence 
or absence of a particular type described. 

Miss Minnie L. Stechkel (Chicago) read a paper on “‘intelligence and 
order of birth in family.”” The main contention statistically approved was 
that later born children show a higher degree of intelligence than the older 
children. But in the discussion it developed that this may be accounted for 
by the fact that young children learn more readily from other and older chil- 
dren than from their parents and also the possibility of the parents becoming 
more expert in the treatment of their children as the parents learn by ex- 
perience. 

J. E. Anderson (Minnesota) by means of numerous charts presented an 
important series of studies made on the “language development in twins.” A 
number of elements were analyzed out with the result that with respect to all 
criteria of language development twins are retarded in comparison with single 
children. This retardation increases rather than decreases within the age 
range studied. Ego-centric responses are lower, however, in twins than in 
single children while emotionally toned responses are higher. Correlated with 
these results is the significant point that the mental age of twins is significantly 
lower than that of the standard group of single children (singletons). 

L. Ackerson(Institute Juvenile Research) enumerated the factors involved 
in the “relation of children’s behavior problems to chronological age and in- 
telligence quotient.” 5000 children were given a complete physical, psy- 
chological, psychiatric, social examination. The greatest number of conduct 
problems occurred between the ages of nine and twelve. For girls there was a 
steady increase until about the seventeenth year. There was a maximal num- 
ber of both conduct and personality problems for the adolescent who showed 
an 1.q. between 70 and 99. 

Miss Mary Shirlye (Minnesota) read the next paper on “the irritability of 
infants at test situations during the first year.” By repeatedly observing in- 
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fants during the first year of life and giving them both physical, anthropo- 
metric and psychological examinations it was noted that the higher scores 
for irritability occurred during the anthropometric examination. An average 
score was obtained during the physical and the lowest score during the psy- 
chological tests. There was, in general, a decrease in irritability with the age 
of the infant. 

Miss Florence L. Goodenough ( Minnesota) next described “an observational 
study of anger in young children.” The records were chiefly kept by the 
mothers of 24 children ranging in age from eight months to seven and a half 
years giving a total of 1619 daily observations and a total number of out- 
bursts of anger of 1350. The reports show much marked diurnal variation 
in the frequency of outbursts and much individual variation. There is some 
causal variation shown in the fact that the individual differences were highly 
correlated with the method of control by the parents. 

C. L. Hull (Wisconsin) introduced the last demonstration made by a 
physical chemist which attempted to show that various laws concerning the 
conditioned reflex familiarly exhibited in the Pavlov dog could be produced by 
a device actuated by electrical and chemical means. The demonstration was 
unique and ingenious. Similar mechanical arrangements were promised for 
the higher thought processes! 

On Saturday evening after the annual dinner at Newman Hall the presi- 
dential address on the ‘‘Measurement of Infant Behavior” was read by A. P. 
Weiss (Ohio State). The paper which was enthusiastically received outlined 
the results obtained in the laboratory at Ohio State under very carefully 
controlled stimulus conditions. The theoretical importance of such studies 
for the psychology of human behavior was outlined. In many respects it pre- 
sented an unparalleled account of the early movements and characteristic 
responses of the human infant. 

The banquet was attended by 125 psychologists and guests. At the close 
of the address Dr. Max F. Meyer received the highest vote for presidency and 
Dr. Horace B. English was added to the Council in place of the retiring member 
Dr. Samuel Renshaw. The next meeting of the Association will be held at 
Antioch College, Yellow Springs, Ohio at a date later to be determined by the 
Council. Among the institutions represented by the 170 individuals who were 
officially registered at the meeting are the following: Chicago, Drake, Hamline, 
Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, North- 
western, Purdue, Ohio, Ohio State, Washington, Wisconsin, Antioch, Chicago 
Normal, Grinnell, Iowa State College, Ohio Wesleyan, Stevens, Wittenberg, 
Bradley Institute, Institute for Juvenile Research, Lewis Institute, Mellon 
Institute. 

Opportunity was afforded for visting the laboratories at the University of 
Illinois and the work done by Dr. C. R. Griffith of the Athletic Association in a 
very well-equipped laboratory in the new gymnasium. There was also an 
apparatus exhibit by Stoelting and others. A vote of thanks was given to the 
University and to the local department for the splendid arrangements made 
and accommodations afforded. The meetings were the best so far held in point 
of attendance, quality of papers read, and amount of discussion usually aroused. 


University of Iowa CuristTian A. RuCKMICK 
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Tue TRAINED OBSERVER IN AFFECTIVE PsycHOLOGY 

In a note! dealing with trained observers in affective psychology Dr. J. 
P. Nafe writes: “I agree with Young that previous training is important in de- 
termining the type of report to be expected but I do not agree that it is even a 
factor in determining the report, that is, the facts reported.” I doubt whether 
the distinction between “type of report” and “facts reported’ can be main- 
tained. In the laboratory we are obliged to accept as a starting point the 
report as it is given by the observer. The training of the observer may deter- 
mine whether this or that aspect of experience is attentively clear, whether 
this or that pattern will be observed, whether the experience means this or that 
to the observer. Training may determine whether the observer reports ‘“P 
is a non-clear affective process,” ‘“‘P is a bright pressure,’”’ or “P is a bodily 
reaction.” The education of the O, his theoretical views, his understanding 
of words and habits of speech, the suggestions which happen to reach him de- 

._ termine not only the type of report but to a large extent the “facts reported.” 

There are uniformities within experience which are relatively independent of 
the attitude of the observer and which depend directly upon uniformities of 
conditions. The practical question arises: How can uniformities be discovered 
in the subject matter of affective psychology when it is clear that uniformities 
may also be made by the observers’ training? 

In one respect Dr. Nafe’s note does not accurately present the position I 
had hoped to convey. I do not know how he gained the impression that I 
held that training is “prejudicial rather than effective in discovering the facts,” 
and that the functional report in the form “I don’t like it”? has a “superior 
value,’ for I nowhere make that claim. My point is that training to a very 
large degree makes the facts of observation as well as the type of report. The 
question of relative value has not been discussed. 

University of Illinois P. T. Youne 


Revue vE ConcritTe 

The first number of the Revue de psychologie concrite, dated February 1, 1929, 
has been received. The Revue, edited by C. Politzer, is to be international in its 
scope and the exclusive medium of the ‘new’ psychology. It aims, we are in- 
formed in a prefatory editorial, at two things: to unify the criticisms made of 
classical psychology—the psychology that historically had its origin in phil- 
osophy, physiology and biology; and the foundations of the ‘new’ psychology— 
psychoanalysis, individual and technological psychology, and characterology. 
Five departments are planned: foundations of psychology; positive research; 
documentary studies; permanent problems; and reviews and bibliography. Only 
four are represented in the first number—positive research being omitted. 
The first number contains the following articles: C. Politzer, Psychologie 
mythologique et psychologie scientifique; F. Giese, Théorie et pratique en 
matiére de psychologie; J. Kantor, La psychologie organique; A. Adler, Les 
idées fondamentales de la psychologie individuelle; A. Hesnard and E. Pichon, 
Apercu historique du mouvement psychanalytique francais; C. S. Myers, La 
psychologie industrielle en Grande-Bretagne; C. Politzer, La psychologie gén- 
érale et la psychotechnique: Texte de l’enquéte; H. Prinzhorn, La crise de la 
psychanalyse; and a critical note and book review by the editor. K. M. D. 


1J. P. Nafe, Dr. Young on trained observers, this JOURNAL, 41, 1929, 161-2. 
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